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Introduction

This book addresses challenges that new technologies and the big data revolution 
pose to existing regulatory and legal frameworks. The volume attempts to address 
issues such as blockchain and its implications for property transactions and taxes, 
three (or four) dimensional title registration, land use and urban planning in the age 
of big data, and the future of property rights in light of these changes. This collec-
tion brings together an interdisciplinary set of papers that revolve around the poten-
tial influence of disruptive technologies on existing legal norms and the future 
development of real estate markets. It follows an international conference hosted by 
the Gazit-Globe Real Estate Institute at the Interdisciplinary Center (IDC) Herzliya, 
Israel, with additional contributions.

The book is organized into five parts. Part I presents a literature survey con-
ducted by Jan Veuger. His chapter provides an overview and analysis of all 
blockchain-related scientific publications in the Netherlands and thus offers an 
exploration of international research, experts, and products of their work.

Part II concerns theoretical aspects and contains two contributions. Ronit Levine-
Schnur’s chapter asks how blockchain technology has already impacted and will 
further affect the basic underpinnings of the way we understand and capture prop-
erty law theory. Some writers already suggest that blockchain is a new institution of 
property, or even, under a wider implementation of it, can lead to the disappearance 
of property rights. In order to assess these claims, this chapter considers whether 
property, as understood by William Blackstone in the eighteenth century, is still 
relevant in the current times of blockchain technology.

Benito Arruñada’s contribution argues that recurrent difficulties are delaying, if 
not killing off, what for the time being are still modest applications of blockchain. 
His chapter identifies what value this new technology adds to contractual and pro-
prietary processes, exploring its potential and analyzing the main difficulties it is 
facing. Paying particular attention to the distinction between contract (personal or 
in personam) rights and property (real or in rem) rights, this chapter examines, first, 
the difficulties with trading contractual rights through blockchain-based applica-
tions, mainly these designed to complete contracts ex ante without relying on 
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third-party enforcers. Second, it explores the difficulties faced by blockchain to 
enable trade in property rights.

Part III deals with the changing landscapes of property rights. Amnon Lehavi’s 
chapter contends that digital technology can open new frontiers in the formation, 
registration, and enforcement of property rights in land. His chapter explores the 
prospects—but also the limits—of digital technology in streamlining efficient land 
use and land markets. In particular, it asks whether the digital production and dis-
semination of information can enhance a more optimal use of land, such as by the 
three-dimensional (3D) delineation of real estate into distinct segments and specific 
rights thereto, including for subsurface infrastructure, or by the digital pooling of 
non-adjacent assets for purposes such as creating collective security interests 
in them.

Part III also includes Rebecca Leshinsky’s and her coauthors’ chapter on legal 
innovation in real estate. Specifically, they look at how drone-based land survey is 
disrupting tenure. In their chapter, Leshinsky, Ho, and Choudhury argue that owner-
ship of most land globally is unrecorded. Recent sophistication in geospatial and 
drone technologies has provided for unmapped land to be recorded in ways that do 
not reflect traditional surveys. Such disruption is challenging established land law 
and creating novel opportunities for individual land certification—rattling indefea-
sibility and tenure. In some jurisdictions, such as Odisha, India, such disruption has 
triggered legislation to create new, but limited, possessory rights for those who 
would not have dreamed of security of tenure. The authors explore an understanding 
of the nature of this social innovation, which in turn has spurred legal innovation for 
land rights. They explore how the disruption of traditional real estate methods may 
lead to transformational outcomes for cities and urban dwellers, providing for 
greater democratization of land rights.

Part IV of the book includes two chapters on the potential effect of blockchain on 
land registration, one by Georg von Wangenheim, offering an economic perspec-
tive, and the other by Benjamin Verheye, focusing on legal issues from a European 
law perspective. Von Wangenheim’s contribution rests on the assertion that both 
land registration and blockchain pursue the production of immutable information, 
and thus blockchain-based land registration systems should be widely advanced. 
However, only a very small number of successful large-scale applications exist. The 
chapter aims to explain this gap. It argues that trading shares of real estate invest-
ment funds on blockchain has little to do with land registration. This allows us to 
concentrate on the benefits that the blockchain technology may provide for land 
registration in a proper sense. The chapter shows that “anchoring” a land register in 
public blockchains by regularly writing hash values of their content in one or sev-
eral of those blockchains can overcome lack of trust in the immutability of digitized 
land registers without affecting the latter’s rules and organization. In contrast, 
implementing the entire land registration system on blockchain and changing rules 
of governance, accordingly, may result in high efficiency and effectiveness. This 
may be a big leap forward for many jurisdictions. In jurisdictions with already well-
functioning land registration systems, the gain from a transition to the blockchain 
technology tends to be small for both deed recordation and title registration 
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systems—in fact, often too small to outweigh the costs of transition. The major 
reason is that many inevitable links between real estate reality and its blockchain 
representation require human decisions, balancing the interests of affected parties.

Verheye’s chapter notes that few things seem so opposite to each other as the 
highly innovative blockchain technology and the ancient land registration sector, in 
which one traditionally feels thrown back into the pre-digital era. However, for 
some advocates this unlikely pair might be on its way to form one of the world’s 
new power couples. His contribution aims at analyzing blockchain technology in 
land registration matters from a material legal point of view. Verheye discusses 
some blockchain land registration initiatives and evaluates the possibilities of block-
chain technology for land registration on the basis of two variables: the lacunar or 
complete nature of a land register and its negative or positive nature. In doing so, 
Belgian, French, and German law are taken into account, offering a thorough civil 
law perspective on the matter.

Part V is devoted to new technological applications that are relevant to real estate. 
Catalina Goanta’s chapter focuses on Decentraland as a virtual world where LAND, 
a non-fungible token, is traded in order to allow users to build their own spaces on 
the virtual plots. This inquiry into Decentraland classifies LAND as digital content, 
and thus asks the question of which compliance issues may arise out of the applica-
tion of Directive 2019/770 (the Digital Content Directive) to Decentraland in gen-
eral, and LAND in particular. While much literature has focused on the legal 
implications of cryptocurrencies from a banking perspective, not the same can be 
said about the consumer protection angle necessary to tackle the hype that has 
affected users who spent valuable financial resources on investing, playing on, or 
using blockchain-based platforms. The chapter aims to make a contribution to fill 
this research gap, and to shed light on some of the considerations that platforms 
such as Decentraland ought to pay close attention to when creating consumer con-
tent or services.

Closing this volume, Kat Grimsley and Cody Pennetti discuss the effect of tech-
nology on business and development industries. They argue that these industries 
must prioritize investments in order to be prepared for disruptive technologies. They 
contend that within the real estate industry, the influence of new technologies is 
readily apparent in areas such as design and construction with Building Information 
Modeling (BIM), the incorporation of smart and sustainable/energy-efficient sys-
tems into new buildings, and a shared economy approach to space use (e.g., AirBnB). 
However, there is an extensive network of critical interrelated institutions connected 
to real estate that is often overlooked, making the effects of disruption less transpar-
ent in the context of the larger system. Their chapter emphasizes the complexity of 
the system that supports real property and its relevance for infrastructure, humani-
tarian, and market interests. The chapter then proposes a system-engineering 
approach as the appropriate lens through which to view the “real estate system” to 
ensure that projects are holistically envisioned and that disruptions can be 
anticipated.

We hope that the book’s variety of topics and perspectives will serve and encour-
age a rigorous debate among experts and students interested in disruptive 
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technologies and real estate regulation. Lastly, we are grateful to Dr. Efrat Tolkowsky, 
CEO of the Gazit-Globe Real Estate Institute at IDC Herzliya, and Michal Amir, the 
Institute’s content manager, for their assistance with the book and the conference.

Amnon Lehavi and Ronit Levine-Schnur
Harry Radzyner Law School  

and Gazit-Globe Real Estate Institute 
Interdisciplinary Center (IDC) 

Herzliya, Israel
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A Database Exploring Blockchain 
and Real Estate

Jan Veuger

Abstract  The Foundation for International Blockchain and Real Estate Expertise 
(FIBREE) was founded in Amsterdam in 2018 with the aim of bringing together 
real estate professionals and blockchain specialists from all over the world to 
exchange expertise. FIBREE is aware of the current hype about blockchain technol-
ogy, which does not always contribute to getting to know it better. FIBREE’s mis-
sion is to help create a realistic expectation pattern that will allow the real estate 
market, step by step, to discover and exploit the true potential of blockchain tech-
nology. By bringing together the expertise of pioneers in this field and sharing 
knowledge and insights already gained, FIBREE wants to make an important con-
tribution to the adoption and implementation of this technology in the real estate 
market in the coming years. This article provides an overview and analysis of all 
relevant scientific publications in the Netherlands, and does so within a context of a 
first small international exploration of international research, experts and products.

Keywords  Blockchain · Real estate · Database · Research · Products · Experts

1 � Introduction

There are some arguments for development the foundation as an international plat-
form of professionals for professionals which is objective, neutral and integrity as 
core values. There is a growing network of 2000+ professionals who share an inter-
est in blockchain and real estate with partnerships with relevant professional busi-
ness organizations and platforms. FIBREE works in a decentralized structure: 
participants set the agenda by regional representatives. Together they create a real-
istic perspective on the applicability of blockchain in the real estate industry. In this 
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article I look at a study that was carried out in 2018 to give an idea of the state of 
affairs regarding blockchain in real estate across five continents and 63 regions to 
the extent that this was public at the end of 2018.

2 � Covering and Regional Chairs

Since the beginning of 2018 FIBREE has been developing a global network regard-
ing blockchain and real estate on three different perspectives: research, experts and 
products. In total FIBREE is working on covering 63 regions and 5 continents: 
Eurasia (consisting of the continents of Asia and Europe), Africa, America (North 
and South America), Antarctica and Australia. On the reference date 31 December 
2018, 24 regions—38% of the target number of 63 regions—are represented in this 
study, in which Europe is strongly represented with 14 regions or 58% of the partici-
pating regions (Table 1).

Table 1  Covering country, continent and region

Target country Continent Region

Austria Europe Vienna
Austria Europe Graz
Brazil America Sao Paulo
Croatia Europe Zagreb
Georgia Europe Tibilisi
Germany Europe Berlin
Germany Europe Stuttgart
Germany Europe Frankfurt
India Asia/Pacific Bangalore
Israel Middle East Tel Aviv
Italy Europe Milano
Netherlands Europe Amsterdam/Enschede
Poland Europe Warsaw
Slovenia Europe Ljubliana
Switzerland Europe Zug
Taiwan Asia/Pacific Taipeh
The Netherlands Europe Amsterdam
United Kingdom Europe London
USA America New York
USA America North America
USA America Seattle
USA America Chicago
USA America New York
USA America Silicon Valley

J. Veuger
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3 � Methodology Worldwide and The Netherlands 
in Particular

The Regionals Chairs (RC) were asked to collect data on (1) which blockchain and 
real estate product-suppliers or initiatives do you see, (2) which research-output on 
blockchain and real estate do you have and know and (3) who are the experts with 
which specific expertise in the field of blockchain and real estate that you see?

The research looked for the combination of blockchain and real estate in the 
output of the various universities for research. The data collection started in 
mid-2018 and ended in December 2018. In January and February 2019, the ana-
lyzes were carried out centrally and in co-ordination, with some checks being car-
ried out at the RC. The data collection does not include the announcements and 
reports of seminars, conferences and meetings, as well as duplications in profes-
sional journals. It has also been observed with some regularity that publications 
were no longer available in the libraries and gave an error message. The data collec-
tion for research in the Netherlands took place at all universities (of applied sci-
ences) to which a real estate course is linked or related. In the public or non-public 
libraries, the data collection took place whereby it should be noted that much was 
public, but not everything (Table 2).

Table 2  Overview of libraries of universities (of applied sciences) in the Netherlands with a real 
estate course or subject related thereto

University City Source Hits

Amsterdam School of Real Estate Amsterdam Public 5
Delft University of Technology Delft Public 25
Eindhoven University of Technology Eindhoven Public 80
Fontys University of Applied Sciences Eindhoven Not public 0
Hanze University of Applied Sciences Groningen Not public 0
Maastricht University Maastricht Not public 0
Radboud University Nijmegen Not public 0
Rotterdam University of Applied Sciences Rotterdam Part Public 95
Saxion University of Applied Sciences Enschede Public 23
Tias Business School Tilburg Public 491
University of Groningen Groningen Public 24
University of Amsterdam Amsterdam Public 47
University of Twente Enschede Public 10
Utrecht University Utrecht Not Public 0
Wageningen University and Research Wageningen Public 29
Total Dutch universities 829

﻿A Database Exploring Blockchain and Real Estate
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4 � Conclusions Research The Netherlands

The database of the Netherlands has a scale of 131 virtually one hundred percent 
score on the parts author, title, company name or university, research—product—
expert, level, subject, country, publication year, keyword and link. The accrued 
database thus amounts to 16% (n = 131 829) of the hits found that have been stripped 
of regular announcements of seminars, master classes, press releases, news items, 
opinions and columns. Within the database, a distinction has been made between 
General or Real Estate because a number of articles do contain material about 
blockchain and real estate, but most of them are about blockchain in general. From 
this perspective, 59% (n = 77 131) are fully focused on real estate and blockchain 
(Fig. 1)

If we fully analyze the database that has been built up, the following figures will 
be published on numbers of publications in company name of (applied) university, 
numbers of publications levels, number of publications by topic, number of publica-
tions by country, publication year, keywords and most common authors.

4.1 � Company Name or University

Of all 131 publications, a total of 82 universities in the Netherlands, with several 
producing only one or two publications. When these are excluded from the analysis, 
it appears that much can be traced back to the libraries of Tilburg University (24 
publications), Rotterdam University of Applied Science (18 publications), followed 

Fig. 1  Example of the database Research The Netherlands

J. Veuger
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Fig. 2  Number of publications in company or (applied) university

by Saxion University of Applied Sciences (7 publications), Hanze University of 
Applied Sciences (7 publications) and University of Amsterdam (7 publications). 
As far as is known now, there is no PhD research in the Netherlands in the area of 
Blockchain and Real Estate in 2018 (Fig. 2).

4.2 � Levels

The level of publications is high, especially at the academic master level (n = 64 131), 
followed by industry-based (n = 30 131), applied bachelor’s (n = 21 131) and master’s 
level (n = 10 131). This means that the academic level is high and the industry is also 
explicitly present in the field of publications (Fig. 3).

4.3 � Topics

The topics are mainly in themes such as Manage and Operate, Invest and Work, 
together a share of 65% (n = 84 131). The topics of the publications are in sequential 
numbers: Manage and Operate 35% (n = 45 131), Other 25% (n = 32 131), Invest 17% 
(n = 22 131), Work 13% (n = 17 131), Market 9% (n = 12 131) and Plan and Build 2% 
(n = 3 131) (Fig. 4).

﻿A Database Exploring Blockchain and Real Estate
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4.4 � Countries

The Netherlands is strongly represented in the number of publications, but in view 
of the demarcation of the working area of universities and applied universities in the 
Netherlands, this is not a special feature. However, the influence of the United 
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Kingdom and The United States of America compared to all other countries in the 
table below is clearly visible in this database (Fig. 5).

4.5 � Publication Year

When we look at the Years in which the publications took place, in 2018 the number 
of explosives has risen in relation to the previous year 2015–2017. This study shows 
that 55% (n = 72 131) of the publications appeared in 2018 compared to 36% (n = 47 
131) in 2017 and 4% (n = 5 131) in 2016 and 1% (n = 1 131) in 2015. At the start of 
2019, a number of (4%) publications are already visible (n = 5 131). The attention in 
publications about Blockchain and real estate has mainly developed in 2017 and 
will continue in 2018. Given the upward trend, it is interesting for a follow-up study 
into how 2019 will develop in this area.

4.6 � Keywords in a Word Cloud

The 131 databases from which this research is based have been added as far as pos-
sible. When these are included in a word cloud and the most common words in size 
of the word become visible, the following figure and image will appear. This shows 
that besides blockchain, technology, estate and disruption, the words governance, 
public, energy, economic, management, invest, finance and registry are very com-
mon (Fig. 6).

﻿A Database Exploring Blockchain and Real Estate
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Fig. 6  Keywords in a cloud

4.7 � Most Common Authors

The database shows that the most common authors are Veuger and co-authors 10% 
(n = 15 131), Tjong Tjin Tai 5% (n = 7 131), Lafarre and van der Elst 3% (n = 4 131) and 
Dutch Blockchain Coalition and Dutch Digital Delta together are 4% (n = 5 131). A 
substantive analysis of these authors shows that their focus is on vision, agenda, 
organization meetings, notaries, contracts. Legal business application possibilities 
in general to real estate and blockchain. Specifically, this can be described per 
author in alphabetical order as follows.

The Dutch Blockchain Coalition (DBC) and Dutch Digital Delta, two affiliated 
organizations, mainly published their mission and vision (Blockchain for Good, the 
vision and mission of the DBC, 2018), the knowledge and innovation agenda 
(Knowledge and Innovation, 2018), Agenda ICT 2016–2019 (2017), in anticipation 
of further elaboration of its plans in the Legacy Coalition (2017) and smart contracts 
as a specific application of Blockchain technology in 2017–2018. The Dutch 
Blockchain Coalition is a public-private partnership of partners from financial ser-
vices such as banks and insurance companies, the logistics, energy, security and 
ICT sectors, ministries, the knowledge world, supervisory parties such as the 
Netherlands Authority for the Financial Markets (AFM)) and the Royal Dutch 
Notarial Association (KNB) and organizations such as TNO, NWO and ECP | 

J. Veuger



11

Platform for the Information Society. The coalition is an initiative of the Ministry of 
Economic Affairs and Climate. Dutch Digital Delta is the meeting place to connect 
and create. It is a national platform, intended for everyone involved in technological 
innovation.

All publications of dr. A.J.F.  Lafarre LLM MSc (professor of law Tilburg 
University with the expertise on corporate governance, law and economics and 
shareholder meetings) en prof. dr. C.F. van der Elst (professor of law and manage-
ment of Tilburg University with the expertise business transactions, corporate gov-
ernance, enterprises, law and economics, and legal persons law) were published in 
2018 and are mainly about the organization around the application of Blockchain 
for meetings: Blockchain and smartcontracting for the shareholder community 
(2018), Blockchain and the 21st century annual general meeting (2018), Blockchain 
maakt vergaderen efficiënt [Blockchain makes meetings efficient] (2018) en 
Blockchain for corporate governance and shareholder activism (2018).

Publications of Prof. T.F.E. Tjon Tjin Tai (professor at Tilburg University with 
private law, law of civil law and IT law) mainly has Invest topics with attention to 
notary, contracts and law: The blockchain as an alternative to the notarial practice 
(2018), The reasonable third and Blockchain (2015), Formalization of contract law 
for smart contracts (2017), Legal aspects of blockchain and smart contracts (2017), 
Legal Issues or Blockchain and contract (2017), Smart contracts and the law (2018) 
and The reasonable third party and the Blockchain (2018).

In 2017 the research A viable real estate economy with disruption and block-
chain has done by dr. ing. J.  Veuger MRE FRICS (professor Blockchain of the 
School of Finance and Accounting, School of Creative Technology and School of 
Governance, Law and Urban Development of the Saxion University Enschede and 
therefore from 2012 to 2019 professor Real Estate Hanze University) which submit-
ted other new publications and presentations: A viable real estate economy with 
disruption and Blockchain as a book (2017), Attention to disruption and Blockchain 
creates a viable real estate economy in the Journal of USA-China Public 
Administration (2017), Blockchain: kantelpunt in de vastgoedsector [Blockchain: 
turning point in the real estate sector] (2017), Blockchain: vertrouwen in een wend-
bare vastgoedeconomie [Blockchain: confidence in a maneuverable real estate 
economy] (2017), Een wendbare vastgoedeconomie met disruptie en Blockchain 
[An agile real estate economy with disruption and Blockchain] (2017), Noordelijk 
Vastgoedcongres 2017: disruptie, blokchain en vastgoed [North Real Estate 
Congress: disruption, blockchain and real estate] (2017) en The true meaning of the 
Blockchain technology for real estate still needs to be investigated in International 
Journal of Engineering and Sciences (2017). In 2018 is the before mention research 
presented on the American Real Estate Society (ARES) Congress 2018 with the title 
A real game changer in real estate: blockchain (2018)—and wins the Manuscript 
Prize Competition in category Property/Asset management American Real Estate 
Society (ARES) 2018—and on Barometer Maatschappelijk Vastgoedcongres 
[Barometer Social Real Estate Congress] (2018) in de publication Barometer public 
real estate: special issue (2018). In 2018 is also the article Trust in a viable real 
estate economy with disruption and blockchain published in the Journal Facilities, 
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subject area Property Management and Build Environment. The full text of this 
document has been downloaded almost 2.000 times since 2018. In May 2019 the 
scientific peer reviewed book Blockchain Technology and Applications appeared by 
Veuger as editor of eight chapters and (co)writer of three articles: Blockchain tech-
nology looking for a problem in real estate (Veuger & Bronckers, 2019), Influence 
of blockchain applications and digitalization on real estate (Veuger, 2019a, b, c) and 
Start up GetaBrick in real estate (Veuger & Hulsebos, 2019). A publication of Nova 
Science Publishers New  York was announced in May 2019 but has supposed to 
published in 2018.

5 � Conclusions

5.1 � Conclusion 1

Never before has an investigation been conducted on such a scale about the state of 
affairs of publicly available information about blockchain in combination with real 
estate. However, it should be noted that this is a snapshot on 31 December 2018 and 
is not necessarily exhaustive. This research should therefore also be seen as a first 
step for further (annual) research.

5.2 � Conclusion 2

A follow-up study is necessary for further complementation and the best possible 
completeness of the database and the development and sharing of knowledge in the 
field of research, experts and products. The system and methodology of this study 
has shown that this method can provide the right information and can therefore be 
used to further broaden the scope of the study worldwide.

5.3 � Conclusion 3

Finding innovative configurations for business models for the real estate sector is 
not easy when using blockchain technology. A distinction can be made between 
three platform generations: (1) Bitcoin, (2) blockchain platforms and (3) network of 
allowed participants. The first variant is not suitable for the real estate sector due to 
the fact that it is not possible to exchange assets other than token and currency than, 
for example, contracts. The second generation platform is mainly focused on 
improving exchange opportunities. This has led, among other things, to the develop-
ment of smart contracts in an Ethereum network that is aimed at a global and public 

J. Veuger
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network where all transactions are visible. The third-generation platform is acces-
sible to admitted participants and they are therefore the only ones who have insight 
into this network. Corda (www.corda.net) is an example of this.

5.4 � Conclusion 4

Limited research has been done into the influence of blockchain technology in the 
real estate sector (Veuger, 2018, 2019a, b, c). Studies by Dijkstra (2017) and Gout 
(2017) provide an initial exploration (Veuger, 2017a, b, c, d, e, f, g, h). Dijkstra 
(2017) concluded that blockchain can add five values to real estate management (1) 
a building passport, (2) alternative financing options, (3) trading real estate by the 
blockchain, (4) smart leases and (5) sustainability applications. Gout (2017) con-
cluded that a possible application of blockchain technology could be used when 
setting up Marketplace funding.

5.5 � Conclusion 5

The real estate chain is a highly fragmented chain with many information exchanges 
between a large number of involved parties, as well as traditionally many data silos 
and a large diversity in standards and used software protocols. The real estate chain 
can be roughly divided into five information domains (Veuger and Bronckers, 
2019), with the identity of the building or building part as connecting factor. If the 
various actors are then also projected, it should not come as a surprise that tedious 
communication and information exchange is among the top complaints. And that is 
exactly where blockchain shines, as we just discussed in being able to trust that 
everyone has the same information. In other words, many use cases are conceivable, 
but who will allow parties to not only communicate better, but also make them want 
to communicate? The real estate column lists various national or international, 
established or new standardisation initiatives, such as Oscre,1 Redex,2 
Vastgoedtaxonomie,3 BIMchain,4 NEN,5 ISO,6 et cetera. These standards provide 
uniform definitions, data, protocols or IDs within the scope of the specific field of 
application, which is often still a silo. In other industries, such as the automotive7 or 

1 http://www.oscre.org/oscreblockchaininitiative
2 www.redex.nl
3 Website SBR Banken
4 www.bimchain.io
5 Website smartindustries / NEN
6 Website ISO
7 www.dlt.mobi
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the international transport industry,8 the same issue is at hand. Broad consortia are 
now established to settle barriers, since they want to take maximum advantage of 
the blockchain potential. Why should this be different for the real estate column? Is 
it not time that parties who consider themselves trend setters to unify and take the 
initiative? As history as taught us, new technology for a broadly applicable admin-
istrative foundation can lead to revolutionary business models. L’Histoire se repète. 
Will time tell? (Veuger and Bronckers 2019).

5.6 � Conclusion 6

The way in which disruption, Blockchain and real estate will develop in the coming 
years are not the only obvious characteristics of a particular era, but also its social 
impact and user behaviour. This also applies to how this real estate transition can 
best be tracked, guided and utilized in society at the international, national and 
regional level. Disruptive organizations clearly respond to the viability of the (built) 
environment and therefore determine competitive strength. This affects the current 
and future valuation of real estate. The value of the possible applications of 
Blockchain in real estate processes is reflected in more effective and efficient trans-
actions, increasing transparency, a better foundation for investment and new devel-
opment for the mortgage market. All of this will then grow into more trust in 
fundamental elements of an economy: land and real estate and from the ‘internet of 
things’ to an ‘economy of things’.

Looking at the impact of Blockchain on real estate, we can draw a number of 
conclusions. First of all, the relationship between Blockchain and real estate has not 
yet been proven in practice. It is expected to develop further in the form of register-
ing transaction processes and the DNA passport of a real estate object. Secondly, 
completeness and transparency are the basic ingredients for trust in the system. 
Third, real estate wants to remain viable. For this reason, taking the offense is neces-
sary for real estate and management to connect with social demand. Behaviour also 
leads to new earnings models of the social and economic spin-off of disruptive real 
estate. If the Dutch real estate sector embraces Blockchain and is able to realize 
innovations, then there are opportunities for real estate entrepreneurs to exploit the 
disruptive character to provide those new services. Artificial intelligence through 
algorithmizing of Blockchain will increasingly play a role in the taking of decisions 
by learning organizations. It is good to realize that (thinking) processes and deci-
sions are being outsourced by algorithms. This artificial intelligence cannot com-
bine hard and soft factors to make considerations. The question is whether we will 
use the big-data models correctly and not inadvertently bring about inequality, dis-
crimination and less vigilance. That technology develops faster than the adaptability 
of people is also not new: the parachute was invented before the first plane flew. 

8 www.bita.studio
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Ethics for individuals and organizations remain important for judging and utiliz-
ing data.

Changes in value concepts affect the valuation of real estate and the thinking 
about it. The orientation of changing users and owners of real estate affects innova-
tiveness, values and flexibility in managing that property. Orientation on disruption 
must be seen as proof that the real estate world is able to actually innovate the accu-
mulated assets and consolidate this. The financial and real estate markets are mar-
kets that exaggerate through irrational behavior. Fear of ‘eat or be eaten’ determines 
people’s behavior. Financial and thus real estate markets are always unstable and 
must always be regulated by people and organizations.

The question that remains is whether it is important to look at disruptive innova-
tions in existing markets or newcomers in the real estate market and Blockchain. 
The question is whether Blockchain is only a technological disruption, or a real 
game changer, and whether the entire value chain of the real estate market will 
embrace it. No two disruptions are the same. Trust in Blockchain is a prerequisite 
for guiding the predictable form of that disruption where start-up companies use 
new technology to offer cheaper and inferior alternatives to real estate in the market 
(Veuger, 2017a, b, c, d, e, f, g, h).

5.7 � Conclusion 7

Blockchain could have a huge impact on the value chain in our society. Examples 
are efficiency, transparency, ownership, value (transfer), automation and service 
provision. When we want to understand the world of blockchain, we need to under-
stand the innovation of the currency Bitcoin in 2009 that is built on underlying 
technology called Blockchain. Bitcoin is a combination of four individual elements: 
(1) cryptography, (2) a peer-to-peer network, (3) an open source protocol and (4) a 
shared ledger. This makes it a phenomenon that people are enthusiastic about. The 
internet already makes it possible to transfer information quickly, cheaply without 
paper and without intermediaries being involved.

Blockchain gives the same benefits for transferring values. Internet is used to 
transfer word and image, blockchain for transactions. Blockchain is a combination 
of two elements: a shared and distributed ledger with synchronized data spread 
over multiple sites, countries and/or institutions and a cryptography: digital token 
with a monetary value. This book provides an overview of the latest developments 
on blockchain technology and its applications with the following themes and with 
the assistance of experts from Austria, Brazil, China, Croatia, Georgia, Germany, 
Italy, Netherlands, Slovenia, Spain and Switzerland: (1) Blockchain and the 
Agenda 2030 by Danielle Mendes Thame Denny, (2) Application of Blockchain 
Technology in the Field of E-Government Services by Jiarui Zhang, (3) Can the 
Cybersecurity of Smart Building be Improved Using Blockchain Technology? by 
Ben van Lier, (4) Influence of Blockchain Applications and Digitalization on Real 
Estate by Jan Veuger, (5) Blockchain: Technology Looking For a Problem in Real 
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Estate? by Jo Bronckers and Jan Veuger et al., (6) Start up ‘Get a Brick’ in Real 
Estate by Wendel Hulsebos and Jan Veuger, (7) Blockchain: An Efficiency Solution 
For Housing Associations? by Michel Vonk, (8) Blockchain Applications in 
Support of the Energy Transition by Mieke Oostra and Jelle Rijpma, and (9) Many 
Keys of Blockchain for Real Estate by Esther Dekker (Veuger et al., 2018).

5.8 � Conclusion 8

A question that remains is to continue to look at existing markets or to disruptive 
innovation newcomers in the blockchain market. The question is whether block-
chain is only a technological disruption or a real game changer and whether the 
entire value chain of the market is going to embrace this. Confidence in blockchain 
is therefore a precondition for guiding that disruption where (new) companies use 
new technology to offer cheaper and superior alternatives in the market. But the big 
question is how quickly blockchain will develop as well as all its applications 
(Veuger et al., 2018).

6 � Overall Conclusion

The way in which blockchain and real estate will develop in the coming years are 
not the only obvious. The true meaning of the blockchain technology for real estate 
still needs to be investigated. I am still curious to understand and clarify the value of 
Blockchain for real estate processes. Doubt continues to exist and is therefore a 
feeding ground for further research, because we do not know what we have not seen.
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From Blackstone to Blockchain: 
Theorizing Property Law in the Age 
of Cryptography

Ronit Levine-Schnur

Abstract  In this concise introductory contribution I ask how blockchain technol-
ogy has already and how it will in the future effect the basic underpinnings of prop-
erty law theory. The chapter presents three main features of a blockchain 
cryptographic technique, and in addition, three features of property rights as 
acknowledged by the famous work of William Blackstone of the eighteenth century. 
The potential interaction between these features is briefly discussed.

Keywords  Property theory · Property rights · Blockchain · Hard-fork

1 � Introduction

This introductory chapter asks how blockchain technology has already and how it 
will in the future effect the basic underpinnings, the way we understand and capture, 
property law theory. Some writers already suggested that blockchain is a new insti-
tution of property (Ishmaev, 2017), or even, under wider implementation of it, can 
lead to the disappearance of property rights (Wright & De Filippi, 2015). In order to 
assess these claims, the paper considers whether property as understood by William 
Blackstone, of the eighteenth century, is relevant in times of Blockchain, of the cur-
rent millennium.

The chapter is structured into three parts. First, I ask what characterizes “the age 
of cryptography”? Secondly, I attempt to explain what is a “Blackstonian” property 
law theory, and whether it remained relevant to property law theory over the centu-
ries. Lastly, I address the core issue of the interaction between Blackstone and 
Blockchain and the effect this may have on democracy.
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2 � “The Age of Cryptography”?

Let me begin with putting a question-mark above the identification of these times as 
“the age of cryptography” and discuss the meaning of the term. Cryptography, as we 
all know, is not a recent invention, and encryption methods were used and devel-
oped since ancient days. However, the computer era has brought us significant 
advancements in cryptography, among which are the supplanting linguistic encryp-
tion with the operation on binary bit sequences, and additionally, the extended com-
plexity and availability of cryptographic techniques.

With no doubt, the introduction of the public key or asymmetric key cryptogra-
phy starting with Diffie and Hellman’s (1976) paper, signifies a dramatic develop-
ment for cryptography. Diffie and Hellman explain that a system with a large 
number of users who change allegiance frequently, such as in the business world, 
requires ways to preserve privacy of communication without assuming trust between 
users. The need for public key cryptography thus emerges from issues of trust and 
cooperation. It addresses the desire of each actor in a society to safely interact with 
others without relying on social commitments to secure one’s interests. Where pri-
vate relations are secured without reliance on familial and social bonds, the bound-
aries of interaction and benefiting cooperation are extended. Although 
cryptographic-based ledgers, such as Bitcoin, offer full public access to records 
(Ishmaev, 2017), public key cryptography does not mean the publicization of pri-
vate relations by subjecting them to a centralized organization, such as the state’s 
institutions. To the contrary, it is the decentralization of power and control that is at 
the basic of new cryptography.

Therefore, cryptographic techniques can be characterized by three important fea-
tures that they possess, at least to a certain degree: they allow to overcome trust and 
cooperation setbacks among those who otherwise won’t interact; they eliminate the 
need to rely on state or any third-party authority, and they offer universal, albeit 
anonymized, access to the knowledge they contain about rights. The extent to which 
new cryptography has changed the world, the extent to which it is justified to ask 
how to theorize property at the cryptographic age, depends on whether, to a signifi-
cant measure, there are practical applications of cryptographic techniques that meet 
these criteria. There are reasons to suspect that at least in some cases, such as with 
“blockchained” systems of land recording, the reliance on intermediators and third-
party enforcers will persist. So is even sometimes the case with cryptocurrencies, as 
Arruñada (2018) describes, that are still subject to third-party enforcement (such as 
in the DAO example). However, theoretically, we can ask whether these features, if 
exist, offer a novel understanding of property that amends our current one, and 
whether, if human discretion is maintained what effect that would have on our exist-
ing governmental institutions.
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3 � Blackstone and Property Law Theory

I will now turn to shortly explain what has come to be known as the “Blackstonian” 
theory of property and its place in modern property law theory. William Blackstone 
famously defined property, in his 1765 Commentaries on the Laws of England 
(1765, 1830, 2:*2), as “that sole and despotic dominion which one man claims and 
exercises over the external things of the world, in total exclusion of the right of any 
other individual in the universe.” In this, three features of property right, ownership 
in particular, were identified. Firstly, property right as related to “external things of 
the world,” i.e., things that can be separated from oneself (Penner, 1997). Secondly, 
property right as allowing “sole and despotic dominion” over a thing, i.e., the abso-
luteness of property holders power to exclude others, to disregard them, as an exe-
cution of one’s right; thirdly, property as being a right over a thing, that avails 
against “any other individual in the universe.” That is, the in rem character of prop-
erty which allows a property right to be enforceable upon others without them 
knowing who the holder of that right is. This feature of property, the burden it puts 
on others, is vital for the understanding of property as distinctive from other types 
of rights.

Over the years these three features of property were under massive attack. As far 
as identifying what is a “thing,” long way has gone since things were solely regarded 
as actual possessions. For instance, Charles Reich (1964) famously coined the term 
“new property” to reflect the propriety character of non-tangible assets such as regu-
latory benefits, licenses, subsidies, etc. The debates about the current definition of a 
thing are still prevalent (Wyman, 2017). With respect to the absoluteness of owners 
against others, it has been argued that the famous citation from the second 
Commentary presented above does not properly reflect Blackstone’s himself rather 
much more balanced understanding of property law (Burns, 1985; Rose, 1998; 
Schorr, 2008). Furthermore, the “absolute dominion” view was used as a “red flag” 
for all those who asked to point at the social responsibilities of owners (Dagan, 
2011; Munzer, 1990).

As regards to the in rem nature of property, legal realists following Hohfeld 
(1917) and economists such as Coase (1960), disregarded this unique character of 
property relations with a thing. Subsequently, the in rem notion of property was 
replaced with the metaphor of property as reflecting a bundle of rights, leading to an 
ongoing debates among legal scholars (Merrill & Smith, 2001). These debates were 
sometimes colored as “bundle of sticks” versus “the right to exclude,” an approach 
according to which the power to exclude others, to set a boundary, is the ultimate 
virtue of ownership. But as Smith (2012) and others argued, exclusion is not an end 
but rather a means to allow us using things as we desire—to set agenda to them 
(Katz, 2012).
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4 � From Blackstone to Blockchain

We can therefore position one against the other three features for each of the sys-
tems. On the one hand, we have Blockchain, with its requirements for transparent 
records; decentralized enforcement mechanism; and the nature of allowing non-
familiar parties means to communicate and cooperate without knowledge of who is 
“behind the block.” On the other hand, we have Blackstone’s theory of property, 
with the requirements for a separation between oneself and a thing; the granting of 
using powers—also limited and not absolute powers—that are subject to the social 
bonds an ownership status generates; and the nature of right that is applicable 
against all others, whether they know or do not know about the identity of the owner.

Are these two systems different one from each other? What are the issues raised 
by the interaction between the two sets of features characterizing each of them? One 
may think of it as a thought experiment: how would property theory developed if the 
cryptographic foundations have been there all along?

As this contribution is very limited in its scope and aspiration, I only want to 
suggest that there is a need to think of a variety property-related issues and consider 
whether there are important amendments to property theory intrigued by Blockchain.

For example, one of the issues that is most important for property rights theory 
is trust and cooperation among owners, users and third parties interrelated with a 
property, versus anonymity and the existence of massive amount of potential parties 
as characteristics of blockchain-based systems. Evolutionary theories of property 
such as those based on the works of Hardin (1968), Demsetz (1967), and Ostrom 
(1990), identify property rights as an answer to a tragedy of the commons, of over-
using resources in societies that are not based on close-knit social relationships. 
Blockchain as a social development is coherent with this background of formaliza-
tion of relationship as alternative to human-based interactions. The difference is that 
for Hardin and Demestz the assumption is that the problem is of limited resources, 
and that there is a fight over them. The proper and efficient investments or labour 
attached to assets, require confidence in the ability to capture the value created by 
these investments. For Blockchain, we can ask: what is the limited resource that we 
are fighting over? What are the investments that we wish to incentive? In other 
words—is it good to society to have Blockchain-based new resources such as cryp-
tocurrencies? Are there any limitations on production, uses, or transfers, that should 
be accounted for?

Another key issue for property theories are the centrality of the Nemo dat quod 
non habet principle versus market overt, or the irreversibility of transactions. One of 
the main characteristics of a property right is that it is traceable. Meaning, an owner 
may trace her rights to whom and to where it has gone to if it was not under her 
consent. There are exceptions to this rule, which is also known as nemo dat, which 
can be combined under the title of market overt. Accordingly, regulative norms 
estop owners from reaching to their lost-to-others properties due to public interest 
such as the stability of the market. For Blockchain, irreversibility, or market overt, 
is mandatory, creating a potential clash between the systems (Lehavi, 2019, p. 213). 
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Market overt is usually dependent on conditions of open market, bone fide pur-
chase, and consideration. In other words, market overt and other rules that eliminate 
rights such as adverse possession are justified on a balance between market and 
moral considerations. The irreversibility of Blockchain does not necessarily rely on 
moral justification—it can protect fraudulent actors. Should the stability of the mar-
ket be granted such an absolute weigh to overcome all other considerations? Does 
the need to decisively identify the owner justify avoiding a more nuanced balance of 
interests approach, that considers issues such as who values the asset more, who is 
more blameworthy of the “accident” as is required under current understanding of 
property?

These are only two examples. In fact, the most basic building blocks of property 
such as possession, transaction, or ownership should be rethink. On the more orga-
nizational or political levels, the transition to a privatized model of ownership, that 
is handled and governed not by governments, raises important questions about dis-
cretion, power, and democracy. When the Soviet Union fell, many governments 
around the world privatized assets from political to private hands. Similar patterns 
occurred in recent years with the World Bank efforts to formalize land rights. Carol 
Rose argued that the transition to a privatized mode of private property and contract 
may fundamentally advance the growth of democratic institutions but that is only if 
there is a pre-existing accountable institutional infrastructure (Rose, 2005). 
Blockchain as a technology to govern property rights, may have the virtues of dem-
ocratic governance that is global or borderless. But this depends on how the human 
aspect of a given system is set. Whether there are hard-forks or not, and who is there 
to decide, would have immense effect on the nature of the governance of property 
the future bears for us.
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Prospects of Blockchain in Contract 
and Property

Benito Arruñada

Abstract  Recurrent difficulties are delaying, if not killing off, what for the time 
being are still modest applications of blockchain. This chapter identifies what value 
this new technology adds to the contractual and property processes, exploring its 
potential and analyzing the main difficulties it is facing. Paying particular attention 
to the distinction between contract (personal or in personam) rights and property 
(real or in rem) rights, it first examines the difficulties for trading contract rights 
through blockchain-based applications, mainly those to complete contracts ex ante 
without relying on third-party enforcers. Second, it explores the difficulties faced by 
blockchain to enable trade in property rights.

Keywords  Property rights · Enforcement · Transaction costs · Impersonal 
exchange · Blockchain · Distributed ledgers · Smart contracts · Registries

1 � Blockchain and Contract, In Personam, Rights

1.1 � Contract Completion in Smart Contracts

Blockchain is now applicable not only to payments but to many types of contracts; 
thus, instead of exchanging digital tokens valuable by themselves and existing only 
in the blockchain ledger (such as Bitcoin), parties can exchange representations of 
claims in all types of physical or digital assets existing outside the ledger, even if the 
consequences of such exchange will often hinge, as we will see, on what courts 
consider the applicable law. Moreover, through systems with more flexible code-
bases such as that of Ethereum, they can fully implement the decentralized “smart 
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contracts” first proposed by Nick Szabo (1997) and featuring automatic execution. 
These contracts not only contain a fixed set of rules that trigger predefined responses 
corresponding to particular states of the world but also use blockchain’s tokens as 
their enforcement mechanism, so that transactions are supposed to be perfectly 
enforced in a conclusive or “immutable” manner. Smart contracts therefore realize 
the “code is law” paradigm coined by Lessig (1999, 2006), according to which 
computer code itself provides conclusive enforcement.

Given this conclusiveness, smart contracts are often considered a fundamental 
innovation in the way economic transactions can be organized. According to this 
view, they would make obsolete many of the intermediaries and arrangements that 
now overcome the lack of trust between traders, including lawyers and judges.

Smart contracts are coded ex ante, at the time of commitment, and, in principle, 
exclusively by the intervention of (usually one of) their own parties. This may be 
enough for extremely simple transactions. However, once we move away from such 
simple trades, smart contracts are subject to the standard limitations that parties to 
contracts suffer to complete them ex ante and without relying on third parties. (I 
mean by contract “completion” the task of defining the content of the exchange—
that is parties’ mutual obligations. In principle, it is safe to assume that, ex ante, 
rational parties are generally inclined to complete their contracts using effi-
cient terms.)

To be sure, writing contractual terms in computer code instead of legal language 
does open new opportunities such as greater precision (e.g., Surden, 2012). However, 
it also poses new challenges, mainly the likely presence of coding errors as well as 
greater rigidity. More fundamentally, it does not avoid a main difficulty for complet-
ing contracts ex ante: the cost of information on the infinite number of possible 
contingencies.

To solve this informational problem, parties often rely on relational contracts 
(Williamson, 1985), in which a variety of decisional mechanisms, from asymmetric 
allocation of rights between trading partners to boards of parties’ representatives, 
are used to complete the contract ex post, once uncertainty disappears and parties 
discover the relevant circumstances in which the exchange will take place. However, 
completing the contract ex post poses serious problems of partiality and bargaining 
when ex post decision rights are allocated to one or all of the parties. For this reason, 
contracts often rely on third parties, mainly judges, to complete the contract ex post 
and enforce the terms of trade, often at the price of sacrificing informational 
advantages.1

1 The situation implicit in the previous discussion is one of bilateral trade, which is closer to that of 
blockchain applications when dealing with users. In addition, contractual problems in blockchain 
networks often involve many diverse parties (e.g., miners, core and DApp developers, common and 
master nodes, application users, investors, etc.) with potentially diverging interests and asymmet-
ric and limited information. Such situations are characterized by the presence of multiple potential 
equilibriums.
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In principle, blockchain promised to make little use of specialized third parties 
for enforcement.2 In particular, smart contracts were supposed to work without 
third-party intervention, avoiding the risk of ledger manipulation by governments or 
other third parties.3 Instead, they must include automatic codified mechanisms for 
ex post completion and enforcement. This works for simple transactions such as 
escrow services (Gans, 2019), often relying on innovative third party intermediar-
ies.4 However, it faces serious limitations for more complex transactions. The most 
obvious solution, that of establishing ex ante automatic rules for ex post completion, 
confronts the cognitive limitations of foreseeing infinite contingencies and rightly 
coding the responses to all of them.

Implementing incentive structures may also help. For instance, Gans (2019) dis-
cusses how a simple commitment mechanism based on Moore’s (1992) “simple 
sequential mechanism” could replace court adjudication, taking care of several 
enforcement risks in the trade of goods (seller’s low quality and buyer’s lack of pay-
ment). With blockchain immutability, it would provide parties’ bonding with the 
commitment needed to ensure self-enforcement.5 However, it is unclear to what 
extent the failure of this type of mechanism to become widespread in the past was 
due to parties lacking the commitment that blockchain is expected to add or, more 
plausibly, to some other reason which remains unaltered by the emergence of 
blockchain.

Moreover, the type of adjudication produced would tend to be limited to enforc-
ing the terms of trade that parties agreed upon ex ante, without much ex post com-
pletion. Indeed, ex post contractual completion is not only a matter of enforcing 

2 In blockchain protocols, the distinction between two governance layers (e.g., Buterin, 2017) can 
be seen as corresponding to the separation between enforcement and completion. Freedom of 
individual nodes to run any software of their choice produces the bottom “enforcement” layer 
while coordinating institutions influencing the bottom layer play a “completion” function.
3 To this extent, smart contracts could, therefore, be understood as a paradigm of pure private order-
ing (Tapscott & Tapscott, 2016, pp. 199–201; Narayanan et al., 2016, p. 285). However, even this 
effect or at least its importance is uncertain. Not only can states often defeat on-chain blockchain 
adjudication with off-chain measures but blockchain is in fact triggering substantial demand for 
court adjudication (Ortolani, 2019).
4 For instance, blockchain applications usually require “oracles” to monitor off-blockchain infor-
mation for conditions that trigger contractual execution (e.g., whether the market price of oil 
reaches a certain level when that level is specified in a conditional clause of the contract). Some 
smart contracts also require competitive arbitration implemented through “2-out-of-3 multisigna-
ture transactions” (Narayanan et al., 2016, pp. 278–279), a form of relatively conventional and 
primitive third-party enforcement (Ortolani, 2016). Moreover, the development of applications 
and, in particular, smart contracts, is increasingly relying on modules created and vetted by spe-
cialists. The supply side of the industry is increasingly based on a chain of multiple vertically-
linked suppliers, as independent third parties seem to have an advantage in certifying and 
programming automatic contracts (Casey & Niblett, 2017).
5 Similarly, Holden and Malani (2018) also try to solve the holdup problem using a commitment 
mechanism implemented through blockchain and based on penalty clauses resembling poison 
pills. However, courts could always set damages as an increasing function of blockchain damages, 
so that, at the limit, parties’ blockchain assets would be exhausted and the mechanism would 
become ineffective.
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well-defined terms of trade but also of defining their optimal content in the given 
state of nature, filling the gaps in the contract. This ex post completion ideally 
requires verifying the state of the world which has occurred, and applying a coun-
terfactual hypothesis to guess what the parties would have explicitly contracted if 
they had considered that state ex ante. Assuming rational agents, this means finding 
and adjudicating the efficient terms of trade for that particular state (Cooter, 
Kornhauser, & Lane, 1979; Posner, 1973). Such type of completion requires judg-
ment and, therefore, human intervention at least until artificial intelligence becomes 
much more effective. For now, artificial intelligence seems unable to provide the 
“self-driving contracts” that would “fill their own gaps and interpret their own 
standards,” as envisioned by Casey and Niblett (2017), whose examples (self-pric-
ing in insurance, short-term rentals and ridesharing) fall short of fulfilling such 
abilities. In particular, they seem unable to provide the degree of judgment often 
used by humans to fill the contractual gaps (Abramowicz, 2016), as illustrated by 
the DAO case (Arruñada, 2018).

1.2 � Conclusions on Contract Rights

The failure of the DAO showed that implementing the code-is-law principle is 
harder than it seems, as a failure in the drafting of the original contract led to its 
subsequent revision, showing that its terms were not conclusive and the blockchain 
was not immutable. Blockchain is always open to ex post completion, at least in the 
form of a hard fork: whatever the intent of those promoting Ethereum Classic, even 
the community behind this purist blockchain could at some point implement a hard 
fork to reverse transactions. Even in the blockchain universe, code is law but not all 
the law is code.

More generally, the DAO fiasco showed that a presumed advantage of smart 
contracts—automatic enforcement—becomes a liability when it is efficient not to 
enforce the contract. In other words, automatic execution is detrimental to the extent 
that it precludes contractual breach, which is optimal in many uncontractible cir-
cumstances (Cooter & Ulen, 2016, p. 328; Shavell, 2004, pp. 304–314). This pos-
sibility therefore requires ex post decision mechanisms to achieve efficient trade.

These lessons hold some important consequences for blockchain initiatives in 
terms of which industries and types of contracts may benefit most from implement-
ing them.

First, the presence of uncertainty emphasizes the need for adapting and complet-
ing the contract ex post, once more information is known about the relevant state of 
the world. Not only implementing smart contracts often requires new forms of ex 
post completion and third-party enforcement, based on new types of intermediaries, 
such as those mentioned in note 5. The DAO and similar cases show that blockchain 
systems may depart from the pure code-is-law paradigm by denying enforcement 
through hard forks. Understandably, many blockchain ventures are trying to reduce 
the risk of network splits caused by hard forks, by devising innovative governance 
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mechanisms which facilitate formal and explicit ex post completion.6 For instance, 
the EOS blockchain, relying on elected master-nodes, provides arbitration and judi-
cial services designed to complete contracts, even enforcing subjective terms, as 
well as fixing code bugs, freezing misbehaving accounts and allowing users to des-
ignate key-recovery partners (Larimer, 2018).

Second, as in other attempts to enable impersonal exchange, it makes sense to 
argue in favor of contract simplicity. For instance, a root of the DAO problem was 
that smart contracts also face the traditional tradeoff between security and complex-
ity (Shea, 2016). Errors in computer code are prevalent and impossible to eradicate, 
and they increase with complexity, as with conventional contracts.

Two practical consequences emerge from the limitations of ex ante completion 
and the prominent role of simplicity. On the one hand, they help to explain why 
blockchains—like computable contracts early on (Surden, 2012)—have been gain-
ing more ground in the financial world and, in particular, in areas such as payments 
and derivatives trading (ISDA, 2016, p. 23): note that they are highly standardized, 
so that parties are able to contract legal commodities.

On the other hand, for low-value transactions, complex contracts are too costly 
to write and enforce, and low-value assets are not valuable enough to define multi-
ple rights on them. To the extent that contractual and property simplicity are there-
fore negatively correlated to the value of transactions, blockchain and smart 
contracts also develop more easily in low-value contexts.

Third, blockchain clearly adds value by providing verifiability on the content of 
contractual documents (Catalini & Gans, 2016), with obvious competitive conse-
quences for authentication services such as those provided by notaries. However, it 
is less clear to what extent or in which cases blockchain is able to make contractual 
performance verifiable. In particular, while blockchain likely makes contractual 
performance easier for parties to the contract to observe, it does not necessarily 
make it easier for third parties, including judges (Gans, 2019), to verify 
performance.

To the extent that blockchain provides parties’ observability but does not enhance 
third-party verifiability, it should favor second-party over third-party enforcement. 
It should therefore favor “relational contracting,” understood as the type of exchange 
that is safeguarded by parties’ reputation and expected gains from trade (Klein & 
Leffler, 1981; Levin, 2003; Shapiro, 1983). This should affect the ability of parties 
not only to self-enforce the contractual terms without the intervention of third par-
ties but also to complete the contract ex post, filling the gaps and adapting it to 
unforeseen contingencies (i.e., “relational” à la Williamson, 1985).

Moreover, applications enabling business-to-business (B2B) transactions could 
rely on “private” and/or “permissioned” systems, which are open for trade only to 

6 Arruñada et al. (2018) discuss the mechanisms designed by Dash, EOS, Tezos and Dfinity, which 
are based on different varieties of coin-holder voting.
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preapproved users and/or in which the consensus may be driven by a previously 
established set of nodes. In this vein, private blockchains should expand rapidly in 
supply chain management, revamping the existing and mostly closely-knit networks 
of suppliers, manufacturers, and distributors, which are already characterized by 
phenomena such as “contract manufacturing,” (Arruñada & Vázquez, 2006) as well 
as “virtual integration” (Arruñada, 2002b). Financial institutions are pioneers in 
this regard.

However, permissioned blockchains will face a basic contradiction: the smaller 
the network, the smaller the extent and the fewer the advantages of decentralization, 
and the easier it may be to manipulate it (Narayanan, Bonneau, Felten, Miller, & 
Goldfeder, 2016, pp. 34–38). They may therefore end up featuring little decentral-
ization, causing little disruption, and even entailing some risk of collusion among 
incumbents.

In addition, the use of blockchain for tracking the flow of goods and services in 
supply chains could affect informal relational contracts which, on purpose, are not 
formalized in order to ensure self-enforcement and preclude third-party adjudica-
tion (Hadfield & Bozovic, 2016). In settings of repeated transactions (such as the 
typical interaction between consumer-goods manufacturers and large retailers), the 
blockchain would provide an immutable record of parties’ actions, which courts 
could then use to ascertain the existence and content of the informal contract. In 
particular, disgruntled parties could now argue before the court that their counter-
parties have performed below the agreed terms, terms which they could ask the 
court to infer from their previous level of performance, now verifiable in the block-
chain record.

Lastly, the comparative advantage of blockchain applications would be consid-
erably enhanced if the technology fulfills its promise of enabling individual users 
to own and keep full control of their historical record of transactional data, which 
is now in the hands of third-party centralized data silos (such as Google, Facebook 
or Booking). Availability and ownership of transactional data would make it pos-
sible for individuals to, first, accumulate reputational capital; and, then, deploy 
such capital to safeguard their transactions across multiple markets and using 
different platforms and applications. Such a system would benefit from massive 
economies of scale and scope, and could achieve secure personal transactions 
with anonymous parties, therefore providing an effective alternative to imper-
sonal (i.e., asset-based) exchange. This mobilization of reputational capital could 
eventually become even more valuable and transformative than the mobilization 
of land as collateral for credit (De Soto et al., 1986). Difficulties are numerous, 
however. For instance, reaching such economies without substantial centraliza-
tion, and making the necessary investments without any possibility of capturing 
value in the future.
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2 � Blockchain and Property, In Rem, Rights

2.1 � The Need for a Public Interface Between Personal 
and Real Rights

A public ledger currency platform is “a protocol for sending, receiving, and record-
ing value securely using cryptographic methods” (Evans, 2014). In addition to 
exchanging value, to what extent are these systems capable of exchanging property? 
Exaggerated but conveniently imprecise claims are common—for instance, it is said 
that “[u]npermissioned ledgers can be used as a global record that cannot be edited: 
for declaring a last will and testament, for example, or assigning property owner-
ship” (Taylor, 2016, p. 17, emphasis added).

These claims are valid for cryptocoins but note that these are very special assets: 
they exist only in blockchain and, more deeply, being a sort of bearer instrument—
they work like cash—, their possession equates ownership. However, with the 
exception of assets for which possession is in fact the only property right, such as 
cryptocoins and cash, contracting property requires at least one intermediary (a reg-
istry or a court) between the world of mere claims (i.e., in personam rights) and the 
real world of in rem rights.7 Blockchain applications in which parties trade claims 
on assets existing outside the blockchain ledger require interfaces between the digi-
tal and the real worlds.

At a minimum, these interfaces make it possible for claimants to get physical 
possession of the assets. But the key issue is to what extent they perform a legal 
transformation, a sort of second “public contract,” through which mere claims 
against specific individuals are upgraded into property rights valid against the whole 
world (Arruñada, 2003). In this, they resemble the conventional legal institutions 
between contractual (in personam) and property (in rem) rights.8

The presence of such a legal interface is not new. In land law, two or more con-
tradictory chains of title deeds often coexist. But upgrading one of the claims to a 
right in rem requires a third-party enforcer—a court and/or a register, or, in primi-
tive legal systems, a communal decision—in any case, an independent adjudicator 
safeguarding the interests of all potential rightholders, including those outside the 
chains of title. Note that, in a sense, a chain of paper title deeds is also “virtual,” as 
it is based on documentary possession and reflects mere claims; therefore, if parties 
to the contract agree, it can also support trade in claims without necessarily having 
in rem consequences for the traded assets.

This account is consistent with a salient feature in analyses of blockchain appli-
cations in “smart property” that use examples in which they are in fact describing 
transfers of possession instead of transfers of ownership. Note, for instance, how the 

7 On rights in rem, see Merrill and Smith (2000), and Hansmann and Kraakman (2002).
8 Abadi and Brunnermeier (2018) make a somehow similar point, by distinguishing between mere 
“record-keeping”—which could be better seen as in personam claims—and “enforcement”—of, in 
my terms, in rem rights—, also misattributing the concepts of ownership and possession.

Prospects of Blockchain in Contract and Property



42

running example of a “car whose ownership is controlled through a block chain,” 
used in chapter eleven of Narayanan et al. (2016, p. 272, emphasis added), immedi-
ately turns out to be a transfer of possession:

The block chain transaction doesn’t merely represent a change in ownership of the car: it 
additionally transfers actual physical control or possession of the car. When a car is trans-
ferred this way the earlier owner’s key fob stops working and the new owner’s key fob gains 
the ability to open the locks and start the engine. Equating ownership with possession in this 
way has profound implications. (Narayanan et al., 2016, p. 274).

The implications are indeed profound but they are achieved by degrading ownership 
into less than possession—that is, by enforcing at most only a single right in the 
asset.9 The price being paid is huge because the modern economy is based on the 
specialization (or, some would say, separation) of ownership and control (that is, in 
its simplest sense, possession). If blockchain’s smart property is limited to posses-
sory rights, the word “merely” in the preceding quotation should be excised and the 
word “additionally” replaced by “only”. In practical terms, this limits stand-alone 
(no trusted third parties) applications of smart property to bearer instruments and 
low-value assets, as Narayanan et al. themselves seem to conclude a few pages later 
(Narayanan et al., 2016, p. 284).

These are serious concerns for the common claim that all types of asset can be 
transferred in the blockchain. The legal effects of such transfers, at least, would be 
limited to the transferring parties. Indeed, property rights are in the sphere of public 
ordering, and pure “privacy” is only viable when parties trade in contractual claims. 
It therefore comes as no surprise that such concerns are also echoed in the caveats 
often introduced when foreseeing blockchain applications. For example, a promi-
nent entrepreneur claimed that “Bitcoin gives us, for the first time, a way for one 
Internet user to transfer a unique piece of digital property to another Internet user” 
(Andreessen, 2014). Note, however, the “digital” adjective: one cannot send real 
property over the Internet or, more precisely, one cannot even transfer possession of 
real property over the Internet.10

For the same reason, it is understandable that enforcement of peer-to-peer deci-
sion systems is easier when they deal with digital resources being held in escrow. Not 
only is the losing party less effective in preventing enforcement but courts are unlikely 
to interfere because usually there are no claims by third parties. Even Nick Szabo, 
when implementing his idea of property clubs, also seems to be contemplating rights 

9 In fact, less than possession because having an active key fob does not give you physical posses-
sion or control of the actual car but merely the ability to exercise that control… if you actually have 
physical possession of the car. I thank Rod Thomas for this insight, which, as we will see, also has 
serious consequences for real estate.
10 A somehow similar caveat is introduced by Abramowicz when he considers the limitations of 
bitcoin, also given a limited meaning to property rights: “Bitcoin can be seen not just as a currency, 
but more grandly as an institution that creates and enforces property rights. It is an institution, 
however, that can resolve only one type of decision: whether purported transfers of Bitcoins will 
be validated and added to a list of approved transfers, known as the block chain” (Abramowicz, 
2016, p. 361).
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in personam: “Actually getting end users to respect the property rights agreed upon 
by this system will be dependent on the specific nature of the property, and is beyond 
the scope of the current inquiry” (Szabo, 1998–2005).

The problem of relying on personal rights is that they offer weaker enforcement, 
reducing welfare (Arruñada, 2012, pp. 18–24). Understandably, for most durable 
and valuable assets, parties demand multiple in rem rights. And meeting this demand 
requires the intervention of a third party with a necessarily public function, as it 
must be impartial to all and prevail over the parties to any given contract (Arruñada, 
2017). Such a third party is necessary at least to define the set of rights enforced in 
rem (often referred as the numerus clausus of rights) and the mechanisms and evi-
dentiary requirements for rightholders to convey their consent with respect to 
intended transactions.

2.2 � Blockchain-Enabled Peer-to-Peer in Property

In theory, if this gathering of the relevant consents were complete, blockchain could 
even sustain peer-to-peer (i.e., person-to-person, P2P) exchange and titling of prop-
erty rights without relying on any private or public intermediary (assuming the 
blockchain platform is running and properly maintained).

In theory, such a peer-to-peer trading platform could even be capable of enforc-
ing indefeasible title, as well-functioning registries of rights do. The reason is that 
even if it is their registrars who custody rights and gather rightholders’ consents, it 
is individual rightholders who decide when granting or denying their consents. In 
principle, it is conceivable that these custody and gathering tasks could be governed 
by an automated system, including a decentralized one based on blockchain.

This would require several feats, however.
At the individual level, a truly peer-to-peer system for property exchange and 

titling would require the ability and willingness of individual rightholders to make 
their own decisions with respect to property rights, bearing the risks of such deci-
sions. In a hypothetical, fully-decentralized property system, all individuals would 
therefore be granting or denying their consent to intended transactions affecting 
their property rights. Consequently, they would become the only custodians not 
only of their cryptographic keys (to receive notice and grant consent) but also of the 
legal integrity of their rights. In particular, with a pure peer-to-peer system, security 
of ownership (generally, of any right) would be limited to keeping the private cryp-
tographic keys in the possession of the owner (generally, in the possession of the 
corresponding rightholder).

In addition, at the public level, blockchain registers would pose similar difficul-
ties to those often faced when reforming property titling, such as, for example, when 
countries: (1) replace customary titling with a register-based system and have to 
ensure a smooth transition between both systems; (2) have several registries work-
ing in parallel and have to ensure that the law reduces the risks created by switching; 
or simply (3) want to reinforce the effects of a register with respect to overriding and 
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possessory interests. In all these cases, if the law wants the new system to be effec-
tive, it must prevent individuals from abusing the exercise of choice of titling to the 
extent that titling kills preexisting property, in rem, rights. Legal cautions are most 
obvious in jurisdictions such as Massachusetts, which, having multiple land regis-
ters, tightly regulate switching (Arruñada, 2003, pp. 428–432), but are also present 
in other cases in which there are strict requirements for first registration and 
deregistration.

Implementing a blockchain register would face similar difficulties—e.g., adverse 
selection—and would have to meet similar demands—strict legal requirements for 
first registration, deregistration and switching registers—. It would also pose some 
specific additional problems. First, rightholders would be choosing not to be pro-
tected by registries and courts. This would probably require some safeguards to 
ensure that individuals are informed about possible consequences. Second, at least 
in theory, several blockchains could function in parallel, so that owners could choose 
in which one to register their property. In that case, any issues arising from block-
chain ledger interoperability would have to be resolved to prevent the same asset 
from being registered in two blockchains (Cuomo, 2019).

Minimum necessary regulation would include: (1) defining the legal status of 
blockchain records to establish priority of claims and adjudicate property rights 
among conflicting claimants; (2) establishing a low and strict numerus clausus—
exclusive of all unregistered rights—before coding a smart contract capable of han-
dling property conveyancing and/or registration; (3) regulating the switch of title 
records or property rights to the blockchain register, a task which differs widely if 
mandatory or voluntary; if voluntary (as is likely inevitable in most cases), regulat-
ing any conflicts emerging from the resulting multiple sources of legal evidence, 
possible parallel sources of evidence and even overlapping registries; and (4) regu-
lating the legal status of non-contractual property rights such as those derived from, 
e.g., judicial seizures, inheritance rights or even constraints rooted in land planning.

In practice, however, a peer-to-peer property system could not be universal and 
would instead rely on intermediaries for the majority of individuals. Decentralization 
is limited in the real world because individuals tend to misbehave with respect to 
security: “We were able to achieve decentralization only because we equated pos-
session with ownership—owning [an asset] is essentially equivalent to knowing the 
private key corresponding to a designated transaction on a block chain” (Narayanan 
et al., 2016, p. 283). However, reducing ownership to securing the possession of 
private keys poses serious risks for nontechnical users, and any remedies lead us 
back to intermediaries.

Misbehavior with respect to security is only an instance of a broader and deeper 
phenomenon: individual freedom has a price in terms of individual responsibility 
that not all individuals are always willing to pay. Instead, knowing their own weak-
nesses, they often prefer to rely on centralized solutions based on private and public 
custodian agents who are motivated by making them liable for all sorts of failures, 
including security breaches. Such solutions include the strict liability of some reg-
istrars, indemnity funds in Torrens systems, and US title insurance.
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This theoretical judgment is supported by empirical evidence from current 
blockchain systems. The fact is that most individual agents who are today trading 
bitcoin and other cryptocoins rely at least on intermediaries such as exchanges (dig-
ital marketplaces) and wallets (digital storage services) and, therefore, a fortiori, are 
even less likely to rely on peer-to-peer exchange without intermediation to trade 
their real property. Similarly, rightholders who to date have been shunning crypto-
currencies would be even less willing. This reluctance is present in all types of 
applications, but, understandably, it especially constrains those in which the stakes 
are higher, leading people to demand greater security.

In practical terms, blockchain applications in property are likely to demand that 
public authorities regulate the interaction between the two parts of a dual titling 
system (e.g., with intermediaries for most individuals and, at most, peer-to-peer 
systems limited to specialists such as traders in the secondary mortgage market), as 
well as regulating such intermediaries themselves.

This regulation is affected, in particular, by the possibility of hard forks, which 
makes reliance on public unpermissioned blockchains unsuitable for property rights 
and requires the system to be based on private permissioned blockchains.11 (Note 
that a government-controlled blockchain is still “private” with respect to blockchain 
validation). States with weak bureaucracies may be happy to use unpermissioned 
blockchains to enhance the integrity of their title records (to some extent, this is the 
case of Georgia, to be discussed below). However, whatever the reliability of their 
bureaucracies, states will be unlikely to surrender their role as ultimate property 
adjudicator, which is what they would be doing with unpermissioned blockchain 
registers. Moreover, weak states are most unlikely to be able to credibly commit 
themselves in this direction.

2.3 � Blockchain-Enabled Intermediation in Property

Intermediary-based systems face different possibilities, with more or less presence 
of blockchain in the two stages of the property contractual process (Arruñada, 
2003): private conveyancing and public titling. In principle, blockchain could be 
implemented in either one or both of the two stages. These possibilities include (1) 
introducing blockchain to support conveyancing and/or registration, (2) relying on 
conventional conveyancers as intermediaries between individuals and blockchain-
enabled systems, (3) enhancing conventional registries to act as blockchain-enabled 

11 See, for instance, the arguments in this regard of the Vermont Secretary of State: “It’s unclear 
how a fork would affect the long-term reliance on blockchains as systems of record. Since there is 
not necessarily any long-term commitment to participation in any blockchain network, a fragmen-
tation of a blockchain could pose a significant challenge: when verifying a record’s authenticity in 
one of the above models, users would have to know which of the various different forks of any one 
blockchain are authoritative” (2019, p. 24).
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conveyancers, and (4) keeping registration review in the hands of humans or making 
it more automatic.

In principle, some of these possibilities are more realistic than others, mainly 
because of technical hurdles and the presence of strong vested interests. Moreover, 
some of them are more applicable to specific property rights and specific righthold-
ers. For instance, due to individuals’ bounded rationality, blockchain could more 
easily support a secondary mortgage market with few professional participants 
interacting through a permissioned peer-to-peer system than a primary market in 
real estate with individuals free to trade as sellers, buyers and borrowers.12

Moreover, some of these solutions can only be implemented through particular 
types of blockchain developments, which, in turn, would often require specific legal 
interventions. Understandably, the more ambitious the application, the more 
demanding it is in terms of technical constraints and the legal changes required. The 
least demanding option is that of posting digital identifiers often known as finger-
prints and “hashes” of title deeds in an unpermissioned blockchain to enhance 
record integrity. However, registering actual title records in a blockchain requires a 
permissioned blockchain to make it viable in terms of mining (validation) costs; a 
blockchain system of conveyancing or registration based on tokenized titles requires 
transforming property titles into negotiable instruments; and a blockchain register 
based on a smart contract would also require a strict, low numerus clausus of rights 
to make such a contract writable.

2.4 � Blockchain in Conveyancing and Registering

The impact of the blockchain on conveyancing and property titling is affected by the 
basic characteristics of both legal processes, which, in line with the incentives of 
participants, are mostly private in conveyancing and intrinsically public in registra-
tion. In particular, both processes are defined by the fact that in all property systems 
parties are free to choose their lawyers, conveyancers, and notaries public (Arruñada, 
2003, pp. 424–428). Conversely, third-party protection leads the law to universally 
restrict parties’ choice of the office that records their titles or the registrar that pre-
serves and reviews their rights, as well as the judge who presides over a suit of quiet 
title or any equivalent judicial procedure. Therefore, blockchain should find it easier 
to expand into notarization and data archiving. It will be more difficult for block-
chain to replace the current functions of centralized land registries, especially in 
jurisdictions such as Australia, England, Germany and Spain that have registers of 
rights, also often called “land registration” or “title by registration” systems 
(Arruñada, 2003, pp. 406–423). Replacing them would require at least a low nume-
rus clausus and substantially greater investments in artificial intelligence.

12 Note, however, that missing the private keys is more irreversible for mortgages and other abstract 
property rights, as they lack possessory evidence which could be used to restore the right.
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To the extent that even in civil law jurisdictions notaries public are freely chosen 
by parties to private contracts, the blockchain will likely play a bigger role in nota-
rization, even in real estate transactions. The only functions for which notaries used 
to be superior were for identifying parties and, in civil law countries, for ascertain-
ing their legal capacity and serving as providers of settlement, closing, and escrow 
services for parties (Arruñada, 2007). These advantages are now substantially 
affected by blockchain, which has allowed the development of services that prove to 
other parties that you are who you say (authentication) and that you have the 
required permissions (authorization). Likewise, with respect to settlement, trade 
implemented through a blockchain can now provide conditioned simultaneous 
enforcement by using the principle of “atomicity,” which, in essence, ensures that 
both parties fulfill their promises at the same time (Narayanan et al., 2016, p. 274).

Conversely, the applicability to registries of a truly decentralized blockchain 
(i.e., without trusted intermediaries) will likely require a greater effort than in nota-
rization because registries have a public legal function, that of protecting the inter-
ests of unrepresented third parties, and are therefore much more than mere public 
databases. Centralization and monopoly in registries are not rooted mainly in 
economies of scale but in the need to enhance the neutrality (with respect not only 
to parties to the contract but also to strangers to it) required to reach universal legal 
effects.

However, blockchain enthusiasts often follow the path of efforts in property 
titling and administrative simplification, paying scant attention to the legal function 
of registers. This bias is visible in the diagnoses of existing systems by blockchain 
entrepreneurs trying to test the technology in the area of property titling, whose 
policy failures they seem to attribute to incomplete and slow data management, with 
an engineering perspective that makes no reference to the register’s incentives 
(Kempe, 2017, p. 15). However, in reality, the harder task of property registries is 
not archiving information, but producing reliable information. It is not a problem of 
keeping a record of perfectly “purged” (i.e., non-contradictory) property rights, but 
purging them and making sure that intended transactions do not collide with preex-
isting property rights. The tasks of “collecting and recording the data” (Da Costa 
Cruz, Schröder, & von Wangenheim, 2019, p. 323) are necessary but are not the key 
element of property systems, for which multiple rights on an asset must be enforced 
in rem. Despite the fact that purging rights is mainly a legal issue, not a technologi-
cal one, attempts to apply blockchain in property registration often focus instead on 
archiving and on keeping the integrity of the information (e.g., Sachs, 2016), disre-
garding how the information is produced and, especially, the whole process of how 
property rights are purged of contradictions.

Consequently, if this purging is something for which blockchain is perhaps of 
little use, grand claims on the potential of the technology in this area should be 
substantially diluted. This helps to explain why pilot projects often stall. It also 
explains why analysts focusing on data management fail when pondering the effects 
of blockchain on Torrens registers’ indemnity levels (Graglia & Mellon, 2018, 
pp. 105–106) and US title insurance premiums (Sachs, 2016), which they seemingly 
contemplate as independent of the title purging function performed, respectively, by 
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registrars and lawyers (Arruñada, 2002a). Moreover, the question as to how much 
security is in fact provided by blockchain is an empirical one.

On the positive side, however, blockchain may lower the costs of identifying 
rights and assets, making new types of registers viable, and enabling finely-tuned 
solutions for more detailed rights in intellectual property as well as completely new 
registries for certain high-value assets, as suggested by the Everledger initiative for 
registering diamonds and other specially valuable assets (Lomas, 2015).

2.5 � Blockchain in Recordation of Deeds

It is conceivable that a deed recordation system might be replaceable by an auto-
matic system of dating private contracts and preserving their integrity. In this case, 
new laws should be enacted to modify the rules of evidence—that is, to set the prior-
ity of the blockchain as a source of evidence for in rem adjudication, which in US 
law would require granting exclusive powers to produce constructive notice to the 
blockchain. This is because, for a blockchain to produce in rem effects, all parties 
must be explicitly or implicitly (through priority rules) obliged to express their will 
through it. Moreover, the priority of blockchain must not only be legally established 
but also effective. This means that, as with any other source of evidence, judges 
must in fact trust the blockchain and, therefore, those designing, putting in place, 
and—to some extent—governing, or at least affecting, the government of the block-
chain system. Otherwise, whatever the legally defined priorities, the conventional 
conflict between alternative sources of evidence would likely arise (Rose, 1988), 
with judges using any available excuse (often based on implied notice or lack of 
good faith) to overcome the formal priorities set by statutory law.

Let us take these three dimensions (i.e., register replaceability, priority rules and 
judicial trust) to examine the first main—if modest—attempts to apply blockchain 
within recordation systems.

First, while the firm developing the pilot project carried out in Cook County 
(Chicago, Illinois) seemed optimistic (Lifthrasir, 2017), the official report con-
cluded that relying on an unpermissioned peer-to-peer system would be too costly 
in terms of energy and would force most owners to rely on third parties. It therefore 
favored permissioned systems, limiting the use of blockchain to conveyancing and 
lodging while retaining the existing legal framework according to which “the county 
government record is the only official record” (Yarbrough, 2017, p. 22). No replace-
ment is in sight and, in the pilot, priority was planned to be established by filing a 
deed at the public record office. (Apparently, finally it was never recorded.) The 
plan was for the blockchain transaction to be notarized in a conventional “confirma-
tion deed” (a type of deed mostly used to correct mistakes). In a similarly minimal-
istic vein, the report considers that the chosen technique of “tokenizing” title (thus 
transforming real property into negotiable instruments) would pose substantial new 
legal challenges, and using digital signatures would facilitate secrecy and endanger 
the identification of participants.
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Second, the pilot carried out in Vermont by Propy, an online real estate listing 
service specialized in cross-border deals and expanding into conveyancing and clos-
ing services, also falls short of replacing the register, which in this case would mean 
replacing the register’s software with that of Propy. A legislative decision modifying 
the rules of evidence made it possible for a couple of paper deeds produced using 
Propy’s smart-contract, Ethereum-based, blockchain platform to eventually be 
lodged at the record office of the city of South Burlington. In this respect, the pilot 
was therefore less limited in scope than that of Cook county. However, the paper 
deeds lodged at the record office included information (the deed smart contract’s 
address) as to where the transaction is located in Propy’s blockchain, therefore pro-
viding some degree of cross-verification. As with the Cook county pilot, the city’s 
clerk is skeptical even about the complementary use of blockchain, which seems far 
from Propy’s aim of having the statutes changed so that its blockchain would pro-
duce constructive notice “regardless of the status of the existing municipal title 
records” (Voloshyn, 2018). The Secretary of State was also skeptical, arguing that 
“blockchains do not solve any problems that the State of Vermont and its political 
subdivisions have.... In fact, more problems might be introduced with having a set 
of records stored in a blockchain that now, too, must be preserved and have access 
provided to it” (Vermont Secretary of State, 2019, pp. 37–38). In any case, even if it 
had been fully developed, the system would not have contemplated peer-to-peer 
transactions but would have relied on conventional intermediaries intervening via 
the blockchain-based platform.

Lastly, the application developed by the land register of Georgia also illustrates 
the importance of titling institutions being trusted by the courts. The starting point 
is an unreliable register which was legally defined as a register of rights, but in prac-
tice lacked proper registration review and worked as a recorder of deeds competing 
with the Cadaster in the provision of title evidence to judicial decisions. This 
explains why in 2017 the Constitutional Court removed the presumption of accu-
racy that the law granted to registry records. In this context, blockchain was imple-
mented to make the register more trustworthy on the eyes of judges by, first, using 
a private permissioned blockchain for archiving notarized deeds (i.e., a unified ver-
sion of the notaries’ “protocol”) and, second, relying on the public unpermissioned 
Bitcoin blockchain to publish snapshot hashes of the title certificate, in the hope of 
enhancing integrity and precluding the manipulation of records.

2.6 � Blockchain in Company Registration

The case of company registries is similar to that of recordation of deeds, to the 
extent that most company registries are closer to recordation than to registration 
systems. However, company registries could also be challenged by initiatives like 
the Ethereum blockchain, as these allow the creation of virtual decentralized and 
autonomous organizations that would be defined only by a given set of rules run-
ning in the blockchain. In principle, such organizations can be flexibly organized, 
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allocating specialized managerial and contractual functions in different manners 
(Abramowicz, 2016).

However, a historical perspective throws light on the potential contribution and 
likely difficulties of this contractual approach to company incorporation. The expe-
rience of the English “unincorporated companies” prior to the creation of the 
English Company Registry in 1844 provides relevant insights (Arruñada, 2010a; 
Harris, 2000). In general terms, these authors suggest that, even assuming perfect 
immutability of the blockchain, the explicit backing of the law and judicial rulings 
seem indispensable for avoiding future conflicts ex post and providing parties with 
the necessary certainty ex ante.

Understandably, the state of Delaware launched in May 2016 an ambitious 
“Delaware Blockchain Initiative” in partnership with a software firm, contemplat-
ing applications to archiving, secured corporate loan filings and share registration, 
but it collapsed a few months later, amid a controversy over the real value added and 
alleged vested interests of registered agents (Baker, 2018). It was soon replaced by 
a more modest strategy, which led to a pilot on special-purpose corporations and to 
allowing companies to keep their records and handle their stock ledgers on a 
blockchain. Other states have been active in using blockchain to compete for the 
corporate franchise business. For instance, a law enacted in the US state of Vermont 
allows the incorporation of blockchain-based limited liability companies (BBLLCs), 
making it possible for blockchain platforms to formalize their governance structures 
instead of being informal partnerships (Tashea, 2019).

In addition to keeping share registers updated and tracking beneficial ownership 
more effectively, with potentially serious repercussions for corporate governance 
and financial transparency, blockchain also has important implications in less glam-
orous corporate areas. In particular, it has the potential to automate “corporate 
actions”: any announcements made by a public company affecting its securities and 
which may require a response from either investors or their representatives. 
Examples include dividends and coupon payments, offers to issue or redeem securi-
ties, stock splits, mergers, and spin offs. Most of this data is now communicated to 
investors through a complex channel involving suppliers of financial data, securi-
ties’ custodians, and investment fund managers, who then also carry investors’ deci-
sions in the opposite direction. In both directions, blockchain aspires to make the 
whole process automatic and more efficient (Hobson, 2016).

2.7 � Blockchain in Registration of Rights

All registers of rights include a record of claims in their lodgment book, which they 
use to establish priorities before subjecting intended transactions to registration 
review—i.e., during the registration gap between lodgment and registration, the reg-
ister of rights acts in fact, for the intended transaction, as a register of deeds. What 
has already been said about recordation systems therefore applies to the lodgment 
book of registers of rights.
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In comparison with property recordation and company registries, the defining 
stage of registers of rights is registration review—the essential task to safely upgrade 
personal claims into real rights—, as keeping a reliable and verifiable register of 
rights should not be qualitatively different from keeping a reliable record of deeds. 
Therefore, the specific difficulties are not so much those of combining blockchain 
with registration review performed by humans, as seemingly suggested by some 
analysts,13 but whether it is possible, and at what cost, to perform such a review 
automatically.

Applying blockchain to registration review means replacing humans with an 
automatic system. From a theoretical perspective, this replacement would face simi-
lar difficulties to those considered above with respect to contractual completion. 
From an empirical perspective, it would pose similar challenges to the centralized 
automatic review which has been operating since 2009  in New Zealand, where 
solicitors were given the power to modify a Torrens register of indefeasible rights. 
As analyzed elsewhere (Arruñada, 2010b), the effectiveness of such automatic 
review is open to question and its sustainability, given current difficulties to collo-
cate economic risks and decision rights (Thomas, Low, & Griggs, 2012), is in doubt 
and has to be judged in the long run.

Blockchain partisans would likely take issue with this analysis arguing that, in a 
truly peer-to-peer system, no centralized third-party verification is necessary 
because all rights would be in the blockchain and rightholders themselves would be 
granting their consent directly to the automatic system. This is true but both require-
ments are too tight.

First, when creating modern land registries, the standard historical solution to 
have most in rem rights registered and to simplify registration review has been to 
reduce the variety of rights enforceable in rem, defining a smaller and closed num-
ber of in rem rights (Hansmann & Kraakman, 2002; Merrill & Smith, 2000). This 
reduction of property rights is worthwhile to the extent that it makes it possible for 
registers of rights to function or, in general, reduces information asymmetries in 
markets (Arruñada, 2003). However, it is also costly because a smaller set of rights 
benefits from the advantages of being enforced in rem. (Note that the effect is not so 
much to constrain freedom of contract—parties remain free to contract personal 
rights—as to limit enforcement possibilities.)

Second, in a fully decentralized system of property, all individuals would take 
care of their rights by themselves. They would need to keep their cryptographic keys 
and to decide about any transaction that other individuals propose which might 

13 These theoretical analyses reach negative conclusions on different bases and referring to differ-
ent registries. For instance, Thomas (2017) argues that a blockchain system based on trading “col-
ored” coins through Bitcoin could not support a Torrens register because it would not allow 
verification by an independent registrar. Also assuming a Torrens register, Griggs, Thomas, Low, 
and Scheibner (2017) consider that blockchain would not avoid two of the typical forms of title-
related fraud. Gallego Fernández (2017) contends that a register of rights based on an unpermis-
sioned blockchain would find it hard to enforce priority and would preclude registrars’ review. 
Moreover, a permissioned blockchain would offer no advantage over conventional technical 
solutions.
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affect their rights. As mentioned previously, many individuals, probably the major-
ity, would prefer to rely, at least partly, on trusted private and institutional interme-
diaries, including conveyancers, title insurers, banks and registrars.

Proposals to apply blockchain in the registration of real property confirm this 
analysis as they opt to preserve the review role of registrars. For instance, a Swedish 
pilot project (Kempe, 2016, 2017) provides a valuable illustration as, in essence, it 
is limited to reorganizing the in personam contractual process precedent to the in 
rem property transaction.14 The changes proposed thus resemble the system of elec-
tronic conveyancing and registration implemented in New Zealand, but with a key 
difference: the Swedish Land Register (the Lantmäteriet) would retain all its powers 
to review and decide on registration (Kempe, 2017, p. 59). The register would also 
define the assets and, supposedly, the authority to deal (ibid., p. 38). Therefore, the 
only substantial change is the development of a private permissioned blockchain 
application for electronic conveyance, which would allow all parties involved to 
work with the same information, expanding their knowledge and reducing duplica-
tions and mistakes (ibid., pp. 43–44). A benefit would be that all parties would also 
gain instant access to any filing in the register that may affect the legal standing of 
the rights being traded.
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The Future of Property Rights: Digital 
Technology in the Real World

Amnon Lehavi

Abstract  Digital technology can open new frontiers in the formation, registration, 
and enforcement of property rights in land. This chapter explores the prospects—
but also the limits—of digital technology in streamlining efficient land use and land 
markets. In particular, it asks whether the digital production and dissemination of 
information can enhance a more optimal use of land, such as by the three-dimensional 
(3D) delineation of real estate into distinct segments and specific rights thereto, 
including for subsurface infrastructure, or by the digital pooling of non-adjacent 
assets for purposes such as creating collective security interests in them. This chap-
ter shows that while aligning the digital production of information with a corre-
sponding system of “legal volumes” and 3D zoning regulation can innovate land 
markets, the growing multiplicity of property rights in multi-layered tracts faces a 
genuine collective action problem, having both commons and anticommons fea-
tures. Digital technology should thus be matched with a legal reform on the institu-
tional governance of multiple uses and interests in and across tracts, somewhat like 
in the case of condominiums.
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1 � Introduction

The Fourth Industrial Revolution, embedded in the rapid development of digital 
technology and other technological/scientific advances, purports to transform all 
walks of life, such that “the real opportunity is to look beyond technology, and find 
ways to give the greatest number of people the ability to positively impact their 
families, organisations and communities” (World Economic Forum, 2020). Land 
use and land markets are definitely instrumental for the future of families and com-
munities. Yet at first glance, land seems to be a less natural candidate for outright 
revolution, given its finite supply and physical traits, unlike other forms of eco-
nomic activities.

This chapter looks at how digital technology can be utilized to advance a more 
extensive and efficient use of land, primarily by the 3D digital slicing or pooling of 
land, dissemination of this information to all relevant actors, and matching of such 
geographical and technological data with a more flexible multi-use approach to 
land-use regulation (and zoning in particular) and a multi-layered allocation of 
property rights. Such a legal development could extend beyond the current closed 
list (numerus clausus) of types of property rights to meet this changing landscape.

At the same time, the growing sophistication of digital technology and its appli-
cation to land-use regulation and to legal aspects of property rights do not inherently 
solve genuine collective action problems that typify intensive, multi-use, multi-
party land developments. In fact, the growing intensity of use and multiplicity of 
stakeholders enabled by digital technology can also increase potential frictions 
among such stakeholders: from neighboring (vertical or horizontal) users of land, to 
multiple financiers holding competing or overlapping security interests in land. 
Such collective action problems can implicate both issues of commons (Hardin, 
1968), in which multiple stakeholders in the same asset will tend to over-exploit and 
under-invest in it—and ones of anticommons (Contreras, 2018; Heller, 1998), in 
which over-fragmentation of private property rights in legally separate but practi-
cally interdependent assets can lead to inefficient results or outright deadlocks, by 
preventing coordination or integrative use of such assets. These collective action 
problems can result from either strategic behavior, such as holdouts or free riding, 
or from genuine heterogeneity among stakeholders about their preferences and 
priorities.

While digital technology can provide better information to all parties about the 
spatial features of land, and a corresponding reform in zoning regulation and the 
composition of property rights can potentially give them more flexibility in exploit-
ing physical space, such developments do not in themselves offer a mechanism for 
resolving potential frictions and deadlocks among parties. What is therefore needed 
is a dynamic decision-making framework that would accompany various types of 
multi-use, multi-layered land developments, facilitating institutional governance 
that draws inspiration from the legal design of condominiums and other forms of 
strata title.
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The rest of this chapter is structured as follows. Part 2 discusses the traditional 
allocation of property rights in land, which is based largely on a two-dimensional 
identification of a single tract’s surface, with certain particular exceptions that still 
fall short of a flexible spatial approach. Part 3 shows how different forms of com-
mon interest developments, including condominiums, have been able to create an 
institutional and legal framework for the governance of multi-party, multi-layered 
use of land, mostly in the residential context, despite their reliance on a static, pre-
digital delineation. Part 4 demonstrates recent experiments with the digital produc-
tion of 3D spatial data and a corresponding adaptation of zoning regulation and 3D 
land registration of “legal volumes.” Part 5 suggests that, in addition to innovative 
3D slicing, digital technology can also facilitate the pooling of non-adjacent 
properties for purposes such as cross-asset collective security interests. Part 6 shows 
that while digital technology can facilitate a more dynamic and intensive use of 
land, it cannot in itself resolve potential collective action problems that persist or 
may be even exacerbated by the growing multiplicity of property rights and num-
bers of stakeholders. Any such innovation must be matched with the legal design of 
multi-party institutions of governance.

2 � Traditional, Suboptimal Slicing of Property Rights in Land

Prior to discussing how current digital technology can transform the spatial alloca-
tion of property rights in land, this part briefly identifies the piecemeal development 
of legal and regulatory doctrine on multi-layered property in the face of previous 
generations of economic, social, and technological changes. In principle, such 
exogenous changes may implicate demand and (to a lesser extent) supply of physi-
cal space, as well as the relative costs and benefits of following a certain system of 
property rights, thus leading to potential changes in legal and regulatory policy 
(Demsetz, 1967). While such changes have indeed occurred for land, especially 
over the past two centuries, it would be fair to say that longstanding principles of 
property in land have not been entirely disrupted, but were rather gradually adjusted 
and fine-tuned. Moreover, this development has often been unsystematic, leaving 
much room for ambiguity, such that the overall spatial system of allocating property 
rights in land is presently suboptimal.

The starting point is that of the ad coelum rule. Under the Latin maxim, which 
dates back to the times of Gaius and Justinian: “Cuius est solum eius est esque ad 
coelom et usque ad inferos” (“Whoever owns the land owns the property all the way 
to heaven and all the way to the center of the earth”). While exceptions to this rule 
have already been introduced during Roman times through the actio de superficie, 
allowing for the creation of horizontal surface rights owned by subjects other than 
the owner of the estate, it has proven resilient over centuries (Parisi, 2002). In the 
common law system, the ad coelum rule became influential after it was cited by 
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Edward Coke in the seventeenth century and William Blackstone in the eighteenth 
century (Rule, 2011).

At its core, while referring to a three-dimensional space, the ad coelum rule is in 
fact dominated by the two-dimensional delineation of the land’s surface for estab-
lishing property rights. The identification of a two-dimensional space and title 
thereto automatically governs rights over open space above and below the surface. 
Moreover, such delineation controls rights to other valuable objects: from subter-
ranean minerals and other materials, to above surface human-made structures 
through the principle of accession, or ‘fixtures’ in Anglo-American legal terminol-
ogy, mostly in a landlord-tenant context (van Erp & Akkermans, 2012).

In Continental Europe, nineteenth-century civil codes, including the 1804 Code 
Napoléon, adhered to the ad coelum rule by disallowing the horizontal severance of 
land into multiple surface and subsurface estates. But property owners occasionally 
continued to do so. While such agreements on the partition of land into multiple 
surface and subsurface estates could not formally commit to conveying real title to 
the various land strata, parties to such transactions sought to bypass this impediment 
by agreeing not to invoke accession rules for any structures (such as buildings) 
erected on the land. With time, civil courts developed a more accommodating 
approach and allowed such atypical forms of property fragmentation to survive in 
the shadow of the law. Subsequently, twentieth-century civil codes, including the 
1900 German BGB, moved away from applying the strict principle of physical 
unity, allowing in effect for limited forms of fragmentation, involving typically not 
more than two layers: surface and subsoil (Parisi, 2002).

A more systematic legal challenge to the ad coelum rule began in regard to air-
space with the start of aviation in the early twentieth century. In the seminal case of 
United States v. Causby (1946), the US Supreme Court moved away from a strict 
application of the ad coelum rule—reasoning this doctrine “has no place in the 
modern world” (p. 261). It distinguished between an upper altitude that serves as a 
“public highway” for air travel, and the lower layer of airspace above the land’s 
surface that may be practically usable, such that the “landowner owns at least as 
much of the space above the ground as he can occupy or use in connection with the 
land” (pp. 264–265).

That said, the ad coelum rule, and the underlying dominance of the two-
dimensional delineation of the land’s surface for establishing property rights and 
legal control, are far from abolished. For both airspace and subsurface, the ad coe-
lum rule has been occasionally adjusted to accommodate economic, social, and 
technological changes, but it otherwise maintains the control of the surface owner 
over usable spaces or those in which invasions might otherwise impact such use and 
enjoyment. Thus, regarding unauthorized invasions to the lower airspace and imme-
diate subsurface, courts generally adhere to a strict version of the ad coelum rule 
(Smith, 2015).

The complexity of managing a multiplicity of layers in the face of the ad coelum 
rule, and not less importantly, in a system of property rights and land registries that 
still generally follows a two-dimensional approach, manifests itself even more viv-
idly in the case of subsurface rights.
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Subsurface rights are created most frequently through the voluntary creation of 
easements on relevant routes across/in the subsurface or materials located in the 
subsurface. Easements—defined generally as an irrevocable license to enter and use 
land owned by or in possession of another person—are recognized as property 
rights in the various legal systems and can be registered accordingly in the land 
registry. In the case of the right to enter the surface and/or the subsurface in order to 
remove materials such as timber, minerals, oil, and gas, such an easement is tradi-
tionally referred to as a profit à prendre, or simply as a profit (Restatement, 2000). 
In particular, the law governing easements relating to subsurface oil, gas, and miner-
als has developed into a separate and complex branch of doctrine, with unique rules 
applying to such subsurface interests (Dukeminier et  al., 2018; Kostrub & 
Christenson II, 2012). The multi-layered structure of a subsurface right of easement 
is further challenged in light of recent technological developments, such as horizon-
tal drillings or hydraulic fracturing (Wilkerson, 2015).

In addition to transaction-based easements, the need for surface or subsurface 
public infrastructure, such as roads and railways, electricity lines, water pipes, fiber-
optic cables, etc., may require the government to use its power of eminent domain 
to obtain an easement or right of way in the surface or subsurface (Morriss, Brandys, 
& Barron, 2014). Some legal systems—including those of many US states—may 
also grant private entities, such as oil and gas companies, the right to use the power 
of eminent domain to obtain such easements or rights of way (Klass, 2008; Righetti, 
2016). That said, the ad coelum rule continues to play a major role, such that any 
form of permanent physical invasion of the surface or subsurface requires either the 
consent of the landowner or exercising the power of eminent domain for public use 
against the payment of due compensation. This may be so even if such a physical 
invasion is very limited in scope and does not practically deny current use and 
enjoyment of the land by the owner, as famously articulated by the US Supreme 
Court in the case of Loretto v. Teleprompter Manhattan CATV Corp. (1982).

Another type of multi-layered fragmentation of property rights in land, which 
emerged as an exception to the ad coelum rule, concerns the ability to separate own-
ership of a building or another structure from the ownership of the land. In Roman 
law, it is known as a superficies. While as a general rule, civil law systems adhere to 
the maxim of sepreficies solo cedit (adopting the rule of accession for any such 
building or another structure), civil codes were amended and other pieces of legisla-
tion or regulation were introduced to recognize a self-standing right of superficies. 
That said, the exact content of the right of superficies (for example, in regard to 
future construction rights, or the right to enter the land to access the building) is 
often not set by law, but should be specifically determined between the parties (van 
Erp & Akkermans, 2012).

The separation of land ownership from property rights in structures or buildings 
has also been gradually introduced in Anglo-American systems. However, such 
fragmentation is done in specific contexts, when the practical need for this mani-
fests, often with little or no statutory or regulatory provisions linking such excep-
tions to the ad coelum rule or to the law on fixtures.
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One such setting, introduced in the United States, is that of the Community Land 
Trust (CLT). The CLT is a community-based, non-profit organization that acquires 
land for the purpose of retaining perpetual ownership in it to facilitate affordable 
housing. An eligible buyer leases the land for a long period of time (typically 
99 years) and becomes owner of the building erected on it. The lease agreement on 
the land divides the bundle of rights between the individual and the CLT during the 
tenancy and upon its transfer by inheritance or resale. In the latter case, to keep the 
land available for affordable housing in perpetuity, the CLT repurchases the prop-
erty itself or monitors its direct transfer from seller to buyer, while ensuring that the 
resale price is restricted to a set formula. This is done to allow the exiting home-
owner to receive a reasonable return on investment, while granting income-eligible 
buyers affordable access to the housing unit. Most US states allow for the legal 
fragmentation of rights between the land and the housing unit, whereas in a couple 
of states (Ohio and North Carolina) there is a gray area in the law, suggesting that 
such a separation of title is not permitted. In such cases, the CLT leases out to the 
buyer both the land and the building (Davis, 2010; Lehavi, 2013; Miller, 2013). The 
CLT model, with its division of property title, is now becoming familiar also in 
Britain (Chadwick, 2018).

Finally, another limited and often incomplete feature of multi-layered entitle-
ments in land, which exceeds the paradigm of two-dimensional property rights over 
a single tract, concerns transferrable development rights (TDRs), also referred to 
colloquially as “air rights.” TDRs are a regulatory mechanism that allows landown-
ers to buy unused development rights from owners of other lots, under specific 
terms set out in statutory law or local zoning provisions, and to add such develop-
ment rights to their own lots. The mechanism was originally introduced in New York 
City, prominently as in-kind compensation for owners of designated landmark 
buildings restricted from altering the building or building on top of it, by allowing 
them to sell such unused development rights to owners of other, non-restricted lots 
in the area (Ellickson et al., 2013).

Gradually, TDRs have come to be employed in a broader fashion, such that in 
New York City and elsewhere today developers can acquire unused development 
rights from owners of properties, whenever the two lots share a physical boundary, 
but the developers can then go on to assemble more development rights from con-
secutive lots (Wainwright, 2019). While TDRs start to have a substantial impact on 
land use and land markets, it should be noted, first, that the term “air rights” is mis-
leading in the sense that landowners do not actually acquire the property rights in 
the physical unbuilt spaces in other lots, and secondly, that unlike property rights, 
unused development rights are typically not registered as such in land registries. In 
these and other respects, TDRs are limited in their ability to create a comprehensive 
and transparent system of efficiently allocating property rights, horizontally or ver-
tically, across different tracts of land.

The large picture that emerges from the current legal landscape of multi-layered 
property in land is one of piecemeal, often ad-hoc solutions to address the growing 
complexity and intensity of land use and land markets in light of social, economic, 
and technological changes. The two-dimensional approach to land ownership, 

A. Lehavi



65

expressed in the ad coelum rule, but also pertinent in traditional land registries and 
land use regulation, continues to serve as the default rule for the allocation and con-
trol of property rights in land.

Exceptions are carved out specifically and gradually, looking to solve particular 
problems with airspace, surface rights of way and subsurface exploitation of oil, 
gas, and minerals, etc.—but lacking a systematic approach to transform the two-
dimensional tradition into a flexible, transparent, and accessible system of multi-
layered property. Accordingly, easements (whether voluntary or compulsory), 
superficies, and other types of limited proprietary rights allowing for the use of—or 
the taking of profit from—certain subsurface, surface, or above-surface parts of a 
tract of land are subject to many intricacies and ambiguities, and are often not fea-
tured clearly and comprehensively in traditional land registries.

Moreover, to the extent that a certain legal system currently wishes to avoid 
ambiguities in defining a certain multi-level property right, it must often engage in 
excessive subdivision of parcels given the features of two-dimensional land regis-
tries. Thus, for example, in many countries, in the case of a right of superficies for a 
building that is constructed under, on, or over a part of a tract of land, the said object 
would be projected on a two-dimensional parcel map, and the parcel would be fur-
ther subdivided into smaller parcels, to be able to register such a property right. 
Such a subdivision would often make little sense for the principal use of the land 
(Stoter et al., 2017). This means that the division or aggregation of pieces of land 
and rights thereto might not be driven by efficiency or other normative consider-
ations, but rather by technical constraints, obsolete doctrine, or other varieties of 
path-dependency (Fennell, 2019).

The traditional system of multi-level allocation of property rights is thus often 
suboptimal. As the next parts will show, what is required is a systematic transforma-
tion into a three-dimensional model, which not only enables efficient spatial alloca-
tion of property rights, but also sets up an institutional mechanism for a long-term 
governance of multi-layered interests and stakeholders. Similar steps should be 
taken to enable the virtual and legal pooling of non-adjacent assets, such as for creat-
ing cross-asset security interests, to promote land markets and real-estate financing.

3 � Condominiums (Strata Title) as an Institutional Exception

This part identifies the most important exception to the above-surveyed systematic 
deficiency in multi-layered property rights. In the context of residential land use, 
basically all legal systems have introduced over the past few decades common inter-
est developments (CIDs). The term CID refers here to various types of shared-
interest residential developments, such as condominiums, planned unit developments, 
stock cooperatives (co-ops), and community apartment projects. Not all forms exist 
in all countries, and the organizational and legal structure of each type of CID, as 
well as the terminology used, somewhat diverge among different legal systems 
(Lehavi, 2016).
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Thus, for example, the vertical (but also horizontal) division of property rights in 
apartment buildings, which is typically governed by the legal institution of condo-
miniums in the United States, is referred to as strata title in Australia. It is the most 
prevalent form of CID in the world.

Horizontal subdivisions—under which a real estate development comprises 
detached homes or housing units, with other areas serving as common facilities—
are generally known as “planned unit developments” in the United States and as 
“community title” in Australia (Sherry, 2017).

This part focuses on condominiums or strata title as legal institutions for multi-
layered property rights. It shows how such a volumetric allocation of space—while 
still relying on paper-based or static techniques for 3D allocation—is effectively 
intertwined with mechanisms for collective governance of both the common ameni-
ties and at least some aspects of the individual units. This part then presents the 
emergence of the “stratum subdivision” in Australia, which governs mixed-use 
developments, including structures having diverse types of commercial uses.

The condominium consists of an “undivided interest in common in a portion of 
real property with a separate interest in [a] space called a unit” (California Civil 
Code, 2014). The basic legal structure is one by which the housing units are indi-
vidually owned, whereas the hallways, staircases, elevators, etc. of the structure (or 
complex of structures), alongside exterior spaces and amenities, such as yards, 
lawns, inner streets, or sports facilities, are owned in common by the group of unit 
owners. Condominiums developed at different stages and a diverging pace across 
the world. In Western Europe, early forms of condominiums have been in existence 
for a few hundred years, but the major push toward comprehensive legislation came 
in the aftermath of the world wars, which caused an acute housing shortage along-
side growing popular demand for homeownership (van der Merwe, 2015). Emerging 
economies in Southeast Asia followed mostly Australian legislation during the 
1960s and 1970s to meet growing local and foreign demand for condominium-type 
dense developments (Rabenhorst & Ignatova, 2009). Condominiums were intro-
duced in the United States only during the later 1950s and early 1960s, but have 
since been burgeoning rapidly (McKenzie, 1994; Schill, Voicu, & Miller, 2007). 
Transitional economies have more recently seen the need for the legal design of 
condominiums mostly in their urban cores, as demonstrated in the case of China or 
that of Russia (Chen & Kielsgard, 2014; Lehavi, 2015).

As suggested above, the key institutional feature allowing condominiums to 
function effectively over time in governing multi-owned, multi-layered properties is 
the establishment of decision-making bodies with broad powers. Thus, for example, 
under the Australian model (introduced in New South Wales in 1961 and essentially 
followed in all other Australian states), a body corporate, constituted by all owners, 
is automatically created by the registration of the subdivision plan of the strata title. 
This body corporate is granted by statute the power to raise levies for maintenance, 
insurance, and administration, as well as the power to enforce bylaws.

While the statute provides for default bylaws, the body corporate can alter such 
bylaws (for some provisions unanimously, for others by special majority), and sub-
sequently engage in creating new bylaws, typically by special, non-unanimous reso-
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lution. Importantly, such bylaws may govern not only the use and enjoyment of the 
shared property, but also the physical features and use of the privately owned apart-
ments. Such bespoke bylaws, particularly for large schemes, can include provisions 
about paint colors, mailbox style, plant type, pet type and weight, etc. There are 
some limits imposed by statute on the power of the body corporate, such that most 
Australian states ban bylaws that restrict transferring, leasing, or mortgaging lots 
(Sherry, 2017).

The organization and scope of power of internal bodies that govern multi-owned 
properties are similar in other countries, such as in the United States. The core of the 
collective action among homeowners in condominiums lies in the governing docu-
ments, composed of “declarations” containing a set of conditions, covenants, and 
restrictions (CC&Rs), which are recorded with the land registrar. Though based on 
contractual provisions, the governing documents and subsequent amendments, 
rules, and regulations adopted by the association go well beyond the law of con-
tracts, awarding these rules a more credible and reciprocal nature. This is so because 
under enabling legislation, individually owned lots or units are “burdened by a ser-
vitude that imposes an obligation that cannot be avoided by nonuse or withdrawal” 
(Restatement, 2000).

As the California Supreme Court reasoned in its decision in Pinnacle Museum 
Tower Association v. Pinnacle Market Development (2012), having a single set of 
recorded covenants and restrictions that applies to an entire residential association 
“protects the intent, expectations, and wishes of those buying into the development 
and the community as a whole by ensuring that promises concerning the character 
and operation of the development are kept” (p. 524). The fact that such provisions 
are enforced as servitudes and not merely as contractual provisions—which might 
otherwise allow an infringing homeowner to avoid specific performance and instead 
pay compensatory damages—secures the endurance of collective action.

As is the case in Australia, rule-making powers of condominium associations 
extend beyond the establishment and management of common facilities, and may 
also control cross-apartment externalities resulting from the use of privately owned 
units, with such types of private ordering coming in addition to—and not in lieu 
of—public regulation, such as zoning or nuisance law.

Elected directors and officers of the association have broad authority to “exercise 
all the powers of the community except those reserved to the members.” This 
authority also regularly includes the power to adopt “reasonable” rules that govern 
the use of the common property and the use of individually owned property when 
this is required to protect the common property. In reviewing the board’s actions, 
courts regularly adopt either a “reasonableness rule” or corporate law’s “business 
judgment rule”—both bearing a similar deferential content (Restatement, 2000). As 
for decisions taken by the general body corporate of homeowners, unless expressly 
limited by law or the association’s declarations, simple majority is effective to 
amend the declarations or to otherwise adopt rules. Unanimous consent is required 
for restrictions on individual uses that cannot be grounded in common interest; 
changes made to the basis for allocating voting rights or assessments among home-
owners; or rules that do not apply uniformly to similar units/lots.
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In practice, however, US courts tend to broadly construe enabling legislation and 
declarations so as to settle for simple majority to amend the declaration or to promul-
gate new rules in nearly all instances. In Villa De Las Palmas Homeowners Association 
v. Terifaj (2004), the California Supreme Court upheld a majority-approved amend-
ment to the condominium’s declarations imposing a no-pet restriction, by viewing 
such a use restriction as “crucial to the stable, planned environment of any shared 
ownership arrangement” and holding that all homeowners, including those who pur-
chased their units prior to the amendment, are bound by it. The court read Section 
1355(b) of California’s Civil Code on declaration amendments as settling for simple 
majority, reasoning that it is designed to prevent a “small number of holdouts from 
blocking changes regarded by the majority to be necessary to adapt to changing cir-
cumstances and thereby permit the community to retain its vitality over time” 
(p. 1228). Amendments made by simple majority thus generally enjoy a presumption 
of reasonableness, shifting the burden to the challenging party, who must show that 
these restrictions are “wholly arbitrary, violate a fundamental public policy, or impose 
a burden on the use of affected land that far outweighs any benefit” (p. 1231).

While these broad powers may at times seem controversial, especially when they 
have a practical effect of singling out certain homeowners, or when they otherwise 
infringe on what may be considered to be fundamental individual rights, there is no 
doubt that, generally speaking, the governance mechanism that is attached to the 
proprietary setup of condominiums or strata title is essential for the effective alloca-
tion and control of multi-owner, multi-layered properties. As such, it allows for a 
more intensive use of urban land in an age of increasing density and demand.

A recent development in Australia, which seeks to offer an institutional solution 
to multi-owned, multi-layered properties beyond residential buildings, is that of 
‘stratum’ or ‘volumetric’ subdivisions. Realizing that strata title legislation was not 
adequate for mixed-use developments with residential and commercial owners, or 
with diverse commercial owners, such that a single body corporate may find it dif-
ficult to make decisions, Australian legislation was amended to allow for the subdi-
vision of a building by a deposited plan into separate stratum lots, limited by height 
or depth by reference to the Australian Height Datum. Such stratum lots can be 
further divided by a strata plan, creating a residential or commercial strata scheme 
within that stratum lot, which becomes a ‘stratum parcel.’ Each such stratum lot or 
parcel could be then governed by its own set of bylaws. To address the vertical and 
lateral interdependencies between the different stratum lots, such stratum subdivi-
sions require the introduction of easements intended to grant separate stratum own-
ers access to shared property, which is partly or entirely located in another stratum 
owner’s lot or parcel. Further, in order to deal with maintenance costs and other 
issues that require ongoing coordination across the different stratum lots or parcels, 
owners must register Building Management Statements (BMS) and Strata 
Management Statements (SMS). Such documents must include provisions on insur-
ance, damages, and disputes, but may also and typically do include many other 
issues. In addition, the BMS must establish a Building Management Committee, 
which includes all stratum lot or parcel owners (Sherry, 2017). This committee is 
discussed further in Part 6, by illustrating how it facilitates collective governance.
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4 � Digital Production of 3D Spatial Data and Move to “Legal 
Volumes”

Digital technology and other types of innovations are being increasingly employed 
by both governmental agencies and private entities across the world in the context 
of land use and land markets. This includes the use of advanced technologies and 
professional standards, such as interactive graphic visualization, geographic infor-
mation systems (GIS), building information modelling (BIM), and the land admin-
istration domain model (LADM) (Lemmen, van Oosterom, & Bennett, 2015).

The key challenge for efficiently implementing such new technologies lies to a 
large extent in the ability to integrate them across different professional and govern-
mental platforms that are relevant to land use and land markets, and particularly in 
land registries and cadastral systems. Optimally, such geographical, technical, and 
legal tools should be formalized and accessible to all parties concerned, and gov-
erned by a unified system of registration (Yu et al., 2017).

Such techniques are being increasingly used in an attempt to gradually switch 
cadasters and land registries from two-dimensional systems to three-dimensional 
ones, with diverging degrees of success in introducing 3D systems and in synchro-
nizing industry and governmental platforms. Accordingly, there is a growing body 
of literature on the recent experiences with 3D cadasters and/or land registries 
worldwide (Paasch et al., 2016), with numerous works focusing on case studies in 
countries such as Australia (Atazadeh et  al., 2017), Croatia (Vučić et  al., 2017), 
Korea (Kim & Hoe, 2019), India (Hamid et  al., 2016), and Slovenia (Drobež 
et al., 2017).

In 2016, The Netherlands experimented with the first registration of an interac-
tive 3D visualization of “legal volumes”—i.e., 3D physical spaces identified each as 
a distinctive unit—in the cadaster and the land registry (Stoter et  al., 2017). As 
shown below, by legally validating and providing access to such a new type of 
physical identification and registration of rights in regard thereto, this regulatory 
and legal innovation seeks to serve not only current stakeholders, but even more so 
future transferees and other stakeholders of these multi-level property rights. As 
such, the introduction of legal volumes not only facilitates a more flexible approach 
to the division or aggregation of space over time in the face of social, economic, and 
technological changes, but may also enable the development of new types of prop-
erty rights, outside of the current closed list (numerus clausus)—thus better serving 
future organizational and legal design.

The program was run for the Delft Railway Zone Project. The project covers an 
area of 24 hectares, but the 3D cadaster was introduced for a smaller part, consisting 
of the combined new Railway Station and City Hall, together with the underground 
platforms and railway tunnel, several technical installations, and underground bicy-
cle parking (Stoter et  al., 2017). This multi-layered construction combined the 
property rights of three parties: Municipality of Delft, which is the owner of the 
land and the City Hall; the Dutch railroad company for passenger transportation 
(“NS Real Estate” or “NS Vastgoed”), which is the owner of the Station Hall, shops, 
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and technical installations; and the Dutch railroad infrastructure company (“ProRail” 
or “Railinfratrust B.V.”), which owns the travelers’ area, the tunnel, and the plat-
forms. To address this multi-level setup, six legal volumes and property rights 
thereto have been established:

	1.	 Residual legal volume, not covered by the other five legal volumes (represented 
as “Index 1” in Fig. 1 below)—under a right of ownership of the Municipality of 
Delft.

	2.	 Tunnels (“Index 2” in Fig. 1)—right of superficies, Railinfratrust B.V.
	3.	 Travelers’ area (“Index 3” in Fig. 1)—right of superficies, Railinfratrust B.V.
	4.	 Station Hall (“Index 4” in Fig. 1)—right of superficies, NS Vastgoed.
	5.	 Elevators and stairs (“Index 5” in Fig. 1)—right of superficies, NS Vastgoed.
	6.	 Technical installations (“Index 6” in Fig. 1)—right of superficies, NS Vastgoed.

Because of the experimental nature of the 3D registration process, in order to 
avoid the economic risks of delay in doing so, the property rights were initially 
recorded in the land registry through traditional 2D registration. In the deed, the six 
legal volumes were described textually, and were accompanied by 2D maps, illus-
trating the various cross sections. For this initial registration process, new ground 
parcels were formed by the cadaster—such that the original parcels were consoli-
dated and subsequently subdivided to specify the different accumulation of rights of 
the new complex (Stoter et al., 2017).

Fig. 1  Frame taken from the interactive 3D PDF of the Delft Railway Zone Project, as deposited 
in The Netherlands’ national cadaster and the land registry (Source: Kadaster, 2016)

A. Lehavi



71

Then, for the 3D registration, the architect of the building complex converted the 
3D data of the construction itself, using BIM technology, into 3D geometries repre-
senting the six legal volumes, based on the design data of the complex, the already 
registered deed with 2D maps of the complex, and the input of all stakeholders col-
lected via four work sessions. Next, the 3D representations of the property rights 
were converted into a 3D PDF. This also included a legend of the rights, the 2D 
cadastral map in which the parcels were identified, and the x, y, and z coordinates of 
the national reference system. Subsequently, a notary firm issued a certificate for the 
deposit of the 3D PDF in the land registry as an official deed (Stoter et al., 2017).

In the cadastral registration, a 3D complex ID was generated and the different 
rights were assigned unique indices (numbered 1 to 6, as shown in Fig.  1). 
Additionally, a reference was made in the cadastral registration to the interactive 3D 
visualization of property rights. The 3D data itself was stored by the cadaster to 
accommodate future needs, which may require the adjustment of the legal situation. 
The 3D data is stored and maintained by the public registries.

The 3D PDF is publicly viewable not only from the public registries, but also 
from the cadaster, and can be viewed in any PDF viewer that supports 3D. In the 
viewer, the 3D setup can be interactively viewed, such that one sees the relationship 
between the different legal volumes. Each volume is visible for further inspection, 
such that by clicking on each one of the objects, one sees the 3D indices and identity 
of the property owner of the legal volume (Kadaster, 2016).

Without going into further technical details and addressing other intricacies that 
may be the result of the transition from a 2D registration system of property rights 
to a 3D system, a few comments are in order about the prospects—but also the lim-
its—of this technological and legal innovation.

First, the transition into 3D interactive registration has clear benefits for facilitat-
ing more efficient land use and land markets. The inefficiency of relying on 2D 
maps and accompanying textual descriptions is especially significant in cases of 
multi-level property rights, wherever boundaries are not exactly on top of each other 
when projected on a 2D plane (Stoter et al., 2017). Under 2D systems, there is often 
a need to artificially create tiny parcels to accommodate potential mismatches 
between the location of 2D cadastral boundaries and the projection of the 3D con-
struction. Moreover, future division or aggregation of current legal volumes may 
also not conform to purely vertical or horizontal divisions. It may employ geometri-
cally irregular—but economically efficient—3D shapes. A system of 3D surveying 
of the land for cadastral purposes, followed by a system of 3D land-use regulation 
and the 3D creation of legal volumes allows for more flexibility for both the initial 
stage of developing the project and any future redevelopment.

Second, while the benefits are clear, the regulatory and technical challenges in 
synchronizing the different industry and governmental platforms are still prevalent 
and not merely the result of conservatism or other path-dependency. Thus, for exam-
ple, BIM systems and cadastral surveying methods often have a different level of 
accuracy, which may result in physically small but important implications for ques-
tions of property rights, use, and future development of lands. As shown in the case of 
the Delft Railway Zone Project, this may also call for an active input by all stakehold-
ers in setting up the multi-layered property scheme to resolve any such ambiguities.
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Third, and relatedly, the potential for dynamic reconfiguration of legal volumes 
and property rights thereto, embedded in an interactive 3D system, may require that 
the relevant stakeholders be involved in any processes of change in real time to miti-
gate the potential for disputes or ambiguities for any such future reconfigurations. 
This may strengthen the need for intertwining the development of systems for the 
3D planning, allocation, and registration of property rights, with the establishment 
of institutional governance mechanisms for the various stakeholders that hold multi-
layered property rights. This point is discussed further in Part 6 below.

Finally, the switch to a more flexible, transparent, and dynamic system of allocat-
ing and reallocating property rights across subsurface, surface, or above-surface 
spaces may provide an opportunity for creating new types of property rights—ones 
that may better accommodate up-to-date needs coming from developers, financiers, 
tenants, and so forth, and that may be supported by digital technology and legal 
innovation.

As noted, in the case of the Delft Railway Zone Project, the Dutch railroad com-
pany for passenger transportation and the Dutch railroad infrastructure company, 
which together own five out of the six legal volumes, were granted a superficies 
right—and not an ownership right—in view of traditional legal constraints, whereas 
the Municipality of Delft retains its ownership of the complex and rights to the 
residual legal volume. While such a division may make sense, there is no reason to 
a-priori rule out a different type of allocation of rights, including by setting up a new 
kind of property right that may be particularly appropriate for complex settings of 
multi-layered property rights. This could have implications not only for increasing 
legal certainty, but also for the ability to finance the acquisition and development of 
a certain legal volume by pledging such a new type of right, in light of current con-
straints that often apply to limited proprietary rights, such as the superficie. In con-
sidering the list of recognized property rights as embedding “optimal standardization” 
that balances between increasing the efficiency of land use and land markets and the 
social costs of introducing new types of rights (Merill & Smith, 2001), the innova-
tion of 3D registration and legal volumes might create a new optimal standard in 
determining the number and variety of property rights in land.

5 � Interactive Pooling of Non-adjacent Assets and Portfolio 
Financing

Digital technology, big data analytics, interactive graphic visualization, and other 
innovative tools can push forward land use and land markets in various other ways. 
Thus, alongside the ability to more effectively slice tracts through the integration of 
three-dimensional visualization, land use, and land registration systems, new tech-
nologies can also be utilized to pool together non-adjacent assets. Such interactive 
pooling, which could also carry legal consequences in bundling property rights to 
non-adjacent assets, could serve current and future economic needs, especially in 
the context of real-estate financing and real-estate-backed investment securities.
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To understand why current forms of real-estate financing challenge traditional 
boundaries (literally speaking), consider the observation by which “loans secured 
on real estate today are amended, redeemed, subjected to both initial and subse-
quent syndication, assigned, certified, secured by charges against more than one 
property, divided up and sold in part” (Stöcker, 2012).

What this new reality means is that individuals, business corporations, and finan-
cial institutions increasingly engage in practices that move away from the single 
loan/single asset model for a secured transaction in real estate. These practices 
include securitization of real-estate-based credit, which includes both pooling of 
multiple loans and the reslicing of such agglomerated debts into different tranches 
of bonds, and their consequent trade in stock-exchange markets (Basel Committee 
on Banking Supervision, 2014). Modern credit instruments may also involve port-
folio financing, by which multiple real-estate properties collectively serve as secu-
rity for large-scale financing schemes. Portfolio financing is currently more prevalent 
for movable goods and intangible assets, especially in the context of receivables 
financing, by which a financial institution that extends credit to a business corpora-
tion acquires a proprietary interest in the monetary claims (receivables) that the 
corporation has vis-à-vis its own debtors (Lehavi, 2019).

In fact, the ability to increase the usage of portfolio financing for real estate may 
hinge to a large extent on improving the ability to consolidate information and to 
link proprietary rights—and particularly security interests—in non-adjacent assets 
in a flexible and efficient manner.

In the case of movable goods or intangible assets, the constant replacement of 
assets that serve as part of the package of the collateralized assets can be generally 
done in a flexible way. This is so because the financier and/or debtor do not need to 
register a distinct security interest in each specific movable or intangible asset, but 
can generally rely on a “floating lien” and related legal instruments to provide gen-
eral priority to the financier over other, non-secured creditors. The floating lien is 
thus premised on placing a “charge on assets both present and future,” with such 
assets “expected to change in the normal course of business,” thus allowing the 
corporation to sell such assets—including its commercial inventory—to buyers in 
the ordinary course of business, while subjecting new/future assets to the floating 
charge, and so forth (Sheehan, 2017).

Differently, under the current dominant approach across various legal systems, 
placing a security interest over a tract of land or a standalone unit in a subdivision 
(such as a condominium unit) requires the registration of a specific security interest 
on each tract/unit. Accordingly, any change in the security interest or its termination 
requires a specific process of registration. When security interests are placed on 
various tracts/units for the purpose of portfolio financing, the different tracts/units 
are neither visually nor legally interrelated. Current land registries do not agglomer-
ate the different locations of the charged assets in a single map, registration deed, or 
other instrument. Unlike the floating lien, a legal action taken in regard to one tract/
unit does not have direct effect on other assets that are allegedly under the same 
portfolio- financing scheme. This means that bundling, slicing, or otherwise updat-
ing such a scheme requires a relatively cumbersome analogical process, and that the 
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overall picture of the composition and status of the securitized assets is not readily 
and digitally accessible to right-holders and other stakeholders.

Enabling portfolio financing for real estate thus requires, first, the employment 
of digital technology that would identify in real time the various assets placed under 
a security interest—thus pooling visual and textual information on such multiple, 
non-adjacent properties. In so doing, this technology can rely, at least to some 
extent, on existing platforms related to security interests, such as information made 
available for mortgages under the US Home Mortgage Disclosure Act (HMDA) of 
1975, which grants access to much of the raw data—modified to protect applicant 
and borrower privacy—and accordingly enables cross-asset visual and textual anal-
ysis (Consumer Financial Protection Bureau, 2019). Thus, in 2016, almost 7000 
institutions released over 16 million records, making HMDA an invaluable admin-
istrative dataset on housing and homeownership for policymakers, regulators, and 
researchers, and this data is increasingly used for digital, publicly available cross-
asset analysis, such as interactive boom and bust maps (Urban Institute, 2019). 
Presenting such pooled information on non-adjacent assets could prove essential for 
land use and land markets in many other contexts. One could think, for example—
especially considering the gloomy history of the 2007 subprime crisis—about 
requiring issuers of real-estate-based securitized bonds to make available to inves-
tors real-time cross-asset visual and textual data. This would allow investors to bet-
ter understand the tranches of securitized loans, including local and regional risks of 
default, foreclosure, and realization of real-estate assets. The degree of diversifica-
tion of the bond portfolio could be better understood by the use of  digital technology.

In addition to employing digital technology to link together non-adjacent assets 
through the provision and dissemination of cross-asset information, portfolio 
financing or real-estate-backed security investments could be further facilitated by 
legal innovation. One could think about a new type of security interest in land, 
located somewhere between the traditional fixed mortgage and the floating lien (for 
movables and intangible assets), which would allow for a swift replacement of real-
estate assets that are used as a collective collateral by a certain borrower.

To facilitate a streamlined legal process of replacing charged assets, parties hold-
ing a security interest, other creditors, and additional stakeholders would have 
access to a digital platform, which presents at any given time the current assets 
placed under security interests and the overall value of the security vis-à-vis the 
debt—based also on third-party evaluations of the land in question, such as those 
done for purposes of property taxation. To accommodate potential conflicts in the 
transition of security interests across different real-estate assets, such a new type of 
charge should set rules on the date that would apply as the starting date of the charge 
on a replacement asset (such as the filing date of the charge on the original/previous 
asset) and any other rules that would establish the priority of such a replacement 
charge vis-à-vis other rights. While the details of such a legal reform should be tai-
lored more specifically to meet the changing needs of real-estate finance, there is no 
doubt that such legal innovation would prove effective only if it relies on interactive 
digital visualization and registration platforms that link non-adjacent lands.
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6 � Multiplicity of Property Rights: Digital Information 
and Collective Action

As the previous parts have shown, digital technology and other innovations can 
provide better information to all parties about the spatial features of tracts of land. 
A corresponding reform in zoning regulation and the composition of property rights 
can potentially give them more flexibility in exploiting physical space. That said, 
the potential for coming up with new or more sophisticated forms of multi-layered 
property rights or the pooling of non-adjacent assets does not in itself create a mech-
anism for resolving potential frictions and deadlocks among multiple holders of 
property rights and other legal interests. In fact, any such type of digital or legal 
innovation intended to facilitate more intense land use or more sophisticated land 
markets may also generate new types of collective action problems.

Such coordination challenges can implicate the ‘tragic’ dynamics of commons 
(Hardin, 1968), in which multiple stakeholders that simultaneously occupy and use 
the same physical space might tend to over-exploit it and under-invest in it. 
Correspondingly, the allocation of a certain physical space among multiple parties 
can implicate the mirror-image problem of anticommons (Contreras, 2018; Heller, 
1998), under which over-fragmentation of private property rights in legally separate 
but practically interdependent spaces can lead to inefficient results or outright dead-
locks, by preventing coordination or integrative use of such assets. These collective 
action problems can result from either strategic behavior, such as holdouts or free 
riding, information asymmetries, or genuine heterogeneity among stakeholders 
about their preferences and priorities.

Examples for collective action problems resulting from multi-layered, multi-
party uses of lands abound. One such instance, prevalent in the United States, con-
cerns conflicts among landowners and utility companies, when the latter are granted 
the power of eminent domain to create involuntary easements in their favor for the 
construction and the laying-out of power lines, pipelines, communication lines, and 
other utilities in and across privately owned lands. Unlike cases of eminent domain 
in which the fee simple estate (ownership) is condemned, such that the utility com-
pany becomes the owner of the entire land, the creation of an involuntary easement 
results in the division of property rights and use of space. Also, unlike the case of a 
voluntary easement, where parties not only negotiate the initial allocation of rights, 
but also address future contingencies to alleviate frictions resulting from the exis-
tence of simultaneous rights, the parties in the case of such involuntary easements 
find themselves entangled in long-term governance problems with basically no 
tools to address them efficiently and fairly (Morriss et al., 2014).

In particular, despite the fact that the creation of multi-layered, multi-party prop-
erty rights embedded in such infrastructure projects requires repeated interactions 
on a variety of issues, there is no institutional arrangement that accompanies such 
projects and practically no default legal rules against which parties would be able to 
act collaboratively over time. This is a type of problem that no digital technology 
can solve. As a pure governance problem, it requires a legal solution that sets up a 
mechanism for long-term institutional governance of such assets.
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What is therefore required to facilitate new forms of land uses and land markets, 
which are otherwise made possible by digital technology and other innovations, is a 
systematic legal reform that establishes dynamic decision-making frameworks tai-
lored to accommodate such innovations. Just as condominiums and other forms of 
residential strata title have been able to develop and create real innovation in land 
use and land markets, so do other new forms of multi-layered, multi-party interests 
in land depend on the ability of property owners and other stakeholders to engage in 
long-term institutional governance. To ensure coordination, order, and a reasonable 
balance between predictability and flexibility in the on-going governance of such 
new types of land uses and markets, such institutions should be supported by default 
legal rules that establish the various issues that are relevant for such types of real-
estate schemes. Such rules should address issues such as voting rights, required 
majorities for decisions, mechanisms for assessment of fees, maintenance and 
improvement, or rights-of-way and other easements.

To illustrate how the future of land use and land markets can and should be com-
plemented by setting up rules and institutions for long-term collective governance, 
tailored to the specific intricacies of such innovations, consider again ‘stratum’ or 
‘volumetric’ subdivisions, which seek to offer an institutional solution to multi-
owned, multi-layered properties beyond residential buildings, as mentioned in Part 4 
above. In order to deal with various issues relating to the vertical and lateral interde-
pendencies between the different stratum lots, such as establishing easements 
intended to grant separate stratum owners access to shared property that is partly or 
entirely located in another stratum owner’s lot or parcel, or dealing with mainte-
nance costs, lot owners must register Building Management Statements (BMS) and 
Strata Management Statements (SMS) that address such issues. Beyond the initial 
rule-setting for the allocation of rights and responsibilities to private and common 
spaces, the BMS must establish a Building Management Committee, which includes 
all stratum lot or parcel owners, although owners may be excluded from the Building 
Management Committee with their consent (Sherry, 2017). The Committee is 
intended to deal with the ongoing governance of the ‘stratum’ subdivision, consider-
ing also the unique features of each type of stakeholder in such mixed-use projects.

While still underdeveloped legislatively and regulatory, and not often analyzed 
by Australian courts, stratum subdivisions have a significant potential in furthering 
new types of developments. As such, they can also serve as a source of inspiration 
for other kinds of multi-layered, multi-use developments, including those involving 
large surface or subsurface infrastructure utilities. The same can also hold true for 
the governance of portfolio financing or other proprietary interests that implicate 
non-adjacent assets, as discussed in Part 5 above. At its core, every type of intensive, 
interconnected land-use or land-market novelty calls for such collective governance.

7 � Conclusion

Digital technology has enormous—but not unlimited—potential to promote effi-
cient land use and land markets. Thus, three-dimensional surveying, visualization, 
registration, and planning are increasingly being introduced around the world, fos-
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tering legal innovation in the form of “legal volumes” and rights thereto, and oppor-
tunities for more intensive, sophisticated land uses. In addition, the interactive 
pooling of non-adjacent real-estate assets through digital technology can push for-
ward current market practices, such as portfolio financing, and in turn encourage 
legal innovation in the form of new types of property rights, providing a more flex-
ible approach to security interests as a means to broaden financing opportunities and 
expand land markets.

That said, while digital technology and other innovations open up new opportu-
nities, and allow for broad dissemination of data in real time, they cannot solve in 
themselves what are largely interpersonal challenges of governance and decision-
making. Collective action problems resulting from strategic behavior or genuine 
heterogeneity require dynamic institutions of governance and a system of substan-
tive and procedural rules that supports collective action.

On a final note, the analysis in this chapter might echo the voluminous discussion 
about blockchain as an alternative, decentralized, and verified recording system for 
transfers of asset ownership—one that allows for validating and registering various 
transactions by bypassing traditional centralized channels such as banks, while alle-
viating problems of conflicting transactions or unauthorized transfers of rights 
(Koch & Pieters, 2017). However, to truly replace current systems of market trans-
fers and registration of property rights in the context of land, the blockchain tech-
nology must be supported by legal innovation. Thus, blockchain-based transactions 
should be broadened in scope to include other types of proprietary rights, such as 
security interests and easements, alongside the right of ownership. Accordingly, 
blockchain ledgers and protocols should also be governed by priority rules and gov-
ernance bodies that settle potential conflicts between different types of property 
rights in the same asset. It is a challenge that can be met, but it cannot rely merely 
on digital technology. It requires legal innovation and mechanisms for multi-party 
governance institutions that are based on human judgment.
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Abstract  Ownership of much land globally is formally unrecorded. Advances in 
geospatial and drone technologies are enabling unmapped land to be recorded in 
ways which do not reflect traditional surveys, and introduce new ways of achieving 
cadastral data for the purposes of registration. Disruption is challenging established 
land law, and creating novel opportunities for individual land certification—rattling 
indefeasibility and tenure. The chapter looks to Odisha, India, as a case study, to 
raise systemic problems around urbanization and affordable housing, and how 
social innovation has been a lever for aligning slum owners with land ownership. 
We explore an understanding of the nature of social innovation, and how it has 
spurred legal innovation for land rights in Odisha. Given the global proliferation of 
urban informal settlements, understanding catalysts for disruption into land law/lore 
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1 � Introduction

Land rights and the provision of tenure security has long been underpinned by a 
neoliberal approach to policy and implementation. In the land sector, this agenda 
was notably given form in De Soto’s (2000) writings on the significance of private 
property rights in well-functioning national economies, but it has largely been per-
petuated by western governments and the neoliberal policies of global non-state 
actors like international aid and lending organisations. Of these, the influence of the 
World Bank on developing countries has been singular: it has been a proponent of 
privatisation, liberalisation, deregulation and market-led growth. Most significantly, 
the Bank saw investment in land tenure privatisation to produce secure, indefeasible 
titles as a key platform for both generating lending markets and stimulating global 
growth (Independent Evaluation Group, 2016). It is now the largest financier of 
public investment in land administration projects including land policies, land 
titling, land registration and the establishment of relevant information systems 
(Muñoz & Bourguignon, 2015).

Achieving tenure security for all is now acknowledged as critical to sustainable 
development (Sustainable Development Goal 1.4.2). In reality, both markets and 
states have failed to deliver land tenure security in many countries. Experts estimate 
that less than 50% of countries (and only 13% in Africa) have mapped or registered 
private land in capital cities, and less than 30% of countries maintain digital land 
data for effective urban decision-making (Deininger, 2018).

As technologies have rapidly advanced and become more accessible, technologi-
cal innovation has become a focal point of enabling change since formalisation of 
tenure relies on traditional surveying methodologies. These methodologies are now 
recognised as too expensive, elitist and exclusive (by being completely reliant on 
professional expertise, of which there is limited capacity in developing countries) 
and hence, unrealistic as the path for achieving sustainable development (Enemark, 
Bell, Lemmen, & McLaren, 2014). A ‘third-generation’ of land tools are now 
emerging to make the technical aspects of titling and registration cheaper, easier and 
more responsible (Bennett et al., 2017). These include, for example, point cadastres, 
digital pens, unmanned aerial systems and machine learning for boundary recogni-
tion (Koeva et  al., 2017; Stöcker et  al., 2019; Zevenbergen, De Vries, & 
Bennett, 2015).

There is no question that these technological innovations are sorely needed. But 
no matter how good, they are only part of the solution since tenure—essentially the 
relationship between people and land—relies on a legal doctrine that legitimises 
exclusion, thereby creating winners and losers (Boone, 2019). With haves and have 
nots, land administration chronically rates amongst the most corrupt of public insti-
tutions (Transparency International, 2013). There are of course many other contrib-
uting factors, including poorly capacitated local governments (Asean Studies Centre 
and Centre for Liveable Cities, 2010) and weak compliance and enforcement insti-
tutions and processes (Hutter, 1997; Leshinsky, 2012; Leshinsky & Schatz, 2018). 
Altogether, this leads to dissonance between public expectations and government 
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performance, creating immense risk for current and future urban populations espe-
cially women and other vulnerable groups.

The role of social innovation to achieve tenure security has been growing in impor-
tance. For many state and non-state actors, social innovation is seen as a way to tackle 
those seemingly intractable social problems that defy the traditional logics of both 
market and state administration models (Murray, Caulier-Grice, & Mulgan, 2010). 
This turn towards social innovation in land administration can be inferred from inter-
national initiatives, such as the joint International Federation of Surveyors and World 
Bank’s advocacy for ‘Fit-for-Purpose’ (FFP) approach to land administration, which 
strives for building and sustaining land administration systems that respond to par-
ticular national culture, contexts and capacities over ‘blindly complying with top-end 
technological solutions and rigid regulations for accuracy’ (Enemark et  al., 2014, 
p. 5). Each jurisdiction is therefore encouraged to adopt its own way of ‘allocating’ 
and ‘recording’ land interests. However, taken from the lens of a more formal land 
tenure system such as the Torrens title system found in Australia and New Zealand, 
these approaches may appear (comparatively) to be an affront to established tenure 
models and thereby challenge indefeasibility of title.

To better understand how social innovation drives disruptive change to produce 
more secure and just outcomes in land administration, we present a case study from 
Odisha, India, where social innovation has produced a new form of land rights and 
tenure security. The Odisha Land Rights to Slum Dwellers Act of 2017 (‘the Odisha 
Act’) strives for slum dwellers to be allocated special land rights to former slum 
land and offers great hope for the future eradication of slums. Underpinning this, is 
a constellation of new collaborations enrolling the state, philanthropic organisa-
tions, the private sector, civil society organisations, and communities themselves, to 
participate in the initiative, striving for more equitable land use and access 
opportunities.

This chapter begins by  raising social innovation as a  change agent. Then, we 
present the case study focusing on three key elements of social innovation and their 
potential impact on tenure: (1) the novel legislation, (2) the new types of relation-
ships that formed, and (3) the potential for nurturing social and cultural capital 
amongst informal settlement communities to participate in change. We critically 
introduce how the 2017 Odisha Act is being implemented, and end on an under-
standing that more research is required in this field of enquiry, as it is still early in 
the implementation process.

2 � Background

Many development challenges today are complex and intersectional, requiring 
responses that are cross-disciplinary and often cross-jurisdictional. Land and its 
sustainable planning, use and development, is one such challenge. Innovation in this 
space has been difficult and has been mostly led by a market-driven approach, 
including from the World Bank, where formal titling (or land regularisation) is 
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underpinned by a drive for economic emancipation (i.e. pro-poor) and legal empow-
erment (i.e. pro-rights) (Boone, 2019).

However, the success of such an approach has been questioned with strong evi-
dence that such reforms do not always deliver intended outcomes (Independent 
Evaluation Group, 2016). Putzel, Kelly, Cerutti, and Artati (2015) further argue 
that the formalisation-as-development approach, which is often implemented as 
top-down structural adjustment of land administration systems based on prevailing 
standards of ‘best practice’, often result in negative externalities that worsen out-
comes, often for those very marginalised groups these reforms aim to assist.

This recognition of the limits of markets, especially in the production of goods 
and services that are public goods or have public value, has stimulated the rise of the 
concept of social innovation as a non-market based concept that promotes inclusion 
and participation (Moulaert & Ailenei, 2005). It has driven the desire to adopt a dif-
ferent type of analysis that not only takes into consideration the types of practices 
and relationships involved, but in response to the limitations of an economic para-
digm, incorporates theories of empowerment to provide new insights into what just 
and sustainable economies could look like (MacCallum, Moulaert, Haddock, & 
Vicari, 2016). This has seen social innovation become mainstreamed in public poli-
cies, providing a value framework for governments and non-profit programs, but 
has tended to be more prolific in practices in western and post-industrialist countries 
like Europe, the United States, Canada, Australia, the United Kingdom and New 
Zealand.

Social innovation is less about the traditional technology-focused notion of 
‘innovation’ and more about the ‘social’, i.e. leveraging and building on the social 
and cultural capital of communities instead. Inherent in such a broad conceptualisa-
tion is the difficulty in reaching agreement as to what is social innovation (Pol & 
Ville, 2009). Therefore, while myriad definitions of social innovation exist (and 
multiple instances of literature reviews on this topic), these nonetheless tend to have 
several things in common (e.g. Bason, 2010; Bureau of European Policy Advisors, 
2010; Goldenburg, Kamoji, Orton, & Williamson, 2009; Howaldt, Kaletka, & 
Schröder, 2016; MacCallum et al., 2016; Murray et al., 2010):

•	 objective/output of the innovation is socially oriented, a new idea, model, 
service or product targeting specific social needs and problems that remain 
poorly addressed by existing institutions or practices, or are entirely unaddressed 
by existing markets;

•	 consequence of the innovation as new social relations, creation of new types 
of collaborations between primarily citizens and non-state actors (i.e. bottom-up) 
that cultivate greater agency and participation; and

•	 outcome of the innovation, the creation of social or public value, and maybe a 
public good, which contributes to social and/or societal transformation.

The European Commission categorises social innovations into three types, 
broadly determined by the level at which they manifest, which reflects the types of 
issues addressed, outcomes produced, and actors involved (Bureau of European 
Policy Advisors, 2011, p. 10):
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•	 Grassroots level: social innovations that respond to pressing social demands not 
addressed by the market and are directed towards specific groups;

•	 Societal level: social innovations that respond to societal challenges where the 
boundary between ‘social’ and ‘economic’ blurs, and activities are aimed at 
broader society; and

•	 Systems level: social innovations that target fundamental changes (e.g. in atti-
tudes and values, strategies and policies, organisational structures and processes, 
delivery systems and services) and are commonly initiated by institutions. These 
types of innovations play a part in reshaping society to become more 
participative.

While the ideology of social innovation (i.e. inclusion, democracy, participation, 
novelty, etc.) appeals to many, Nicholls and Murdock (2012) argue that such inno-
vation is not value neutral and is, in fact, almost always socially (and politically) 
constructed. Critics of the concept of social innovation argue that, despite the use of 
the term ‘social’ and a discourse framed around empowerment, policy positions 
around social innovation appear to be ultimately predicated on neoliberal ideals 
(Montgomery, 2016; Moulaert, MacCallum, & Hillier, 2013), especially reflected in 
references to the relationship between the state, new markets and citizens, competi-
tion, and emphasis on public sector efficiencies (e.g. see Bureau of European Policy 
Advisors, 2011; Mulgan, 2006; Murray et al., 2010). It therefore becomes important 
to discern what social and political values infuse the concept of social innovation. 
Montgomery (2016) observes that where a neoliberal ideology on social innovation 
dominates versus a more democratic one, this can result in the ‘creative destruction’ 
instead of ‘creative transformation’ of social relations, which directly impacts how 
marginalised groups participate and therefore what types of social outcomes can be 
achieved and diffused (p. 1992).

Of importance to this chapter is the application of social innovation in territorial 
development, and the setting of boundaries, which has mainly been written and 
researched about in the context of Europe, where it has focused on local and regional 
territorial development (Moulaert et al., 2007). In this chapter, we centre this con-
sideration on new, and disruptive, law and policy, from the state of Odisha, India, 
which strives for slum eradication.

3 � Case Study

3.1 � Informal Settlements (‘Slums’) in India

In Odisha, which has a population of 42 million people (eleventh highest in the 
country), 17% of households qualify as slum households. The fact that more than 
10% of scheduled castes and scheduled tribal households live in slums also make 
slums an inclusion concern in terms of social categories along with economic pov-
erty (Chopra, 2017). The policies and schemes being implemented by the 
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Government have focused more on people living in identified slum areas and less on 
slum-like households living outside slum areas.

3.1.1 � Policy Approaches to Address Tenure Security of Slum Dwellers 
in Odisha

Since the 1980s, Odisha had been trying to address slum challenges through varied 
policy measures ranging from rehabilitation, integrated development, and slum free 
missions—all with a component to provide land tenure. In the capital, Bhubaneswar, 
three clusters of government rehabilitation sites were identified in the 1980s, where 
slum dwellers were resettled. Households living in these sites were given plot sizes 
of approximately 600 sq.ft (about 183 sq.m) along with some financial assistance 
(e.g. loan or grant) and a 90-year lease agreement.

The Jawaharlal Nehru National Urban Renewal Mission (JNNURM), the Basic 
Services for Urban Poor (BSUP) initiative, was launched in December 2005. Its 
sub-mission, together with the Integrated Housing and Slum Development 
Programme (IHSDP), consists of a scheme for provision of basic amenities and 
services to the urban poor including security of tenure in Bhubaneswar. An addi-
tional 355 dwelling units planned for the town of Puri, a coastal town 70 km from 
Bhubaneswar on the Bay of Bengal (see Fig. 1). By 2012, 31% of dwellings were 
completed in Bhubaneswar, with individual houses under the BSUP scheme, on 
single plots with 90-year lease agreements.

The program, ‘Rajiv Awas Yojana’ (RAY), or ‘Slum-free India’ (running from 
2011 to 2023), was administered by the state Ministry for Housing and Urban 
Affairs, and was targeted at slum dwellers and the urban poor. It envisaged a ‘Slum-
free India’ through encouraging States and Union Territories (UTs) in India, to 
tackle the problem of slums in a definitive manner. Central Assistance under RAY 
was predicated on the condition that States/UTs would assign legal title to slum 
dwellers/urban poor over their dwelling space through suitable legislation for prop-
erty rights as a first step in the State’s Slum Free Plan of Action (Government of 
India, 2011). In contrast to BSUP, under which nearly 40% of slum households 
were relocated, RAY prescribed a 10% limit on slum relocation and focused more 
on in-situ development.

As part of a new policy framework, the State government also introduced the 
Slum Rehabilitation and Development Policy (SRDP), “Housing for all”, and the 
Odisha Property Rights to Slum Dwellers and Prevention of New Slums Bill (GOO, 
2011; GOO, 2012). Under this bill, every landless person living in a slum area in 
any urban area as, on a date, was entitled to a dwelling space at an affordable cost 
provided they held an Economically Weakened Section Certificate. This ‘title’ doc-
ument was to be in the name of the female head of the household or in the joint 
name of the male head of the household and his wife. The housing provision was 
both for in-situ redevelopment and ex-situ rehabilitation as per tenability of the site 
following applicable planning and building regulations. This policy was approved 
by the state cabinet on 25 September 2012 with objective to benefit 25% of the 
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Fig. 1  Map of Odisha, showing locations of the capital city of Bhubaneswar and the coastal city 
of Puri

urban population (1.75 million). According to the then Secretary of Housing and 
Urban Development, Odisha would be the second state in the country after Jammu 
and Kashmir to introduce and implement such legislation (India Times, 2019).

3.2 � Odisha Land Rights to Slum Dwellers Act 2017

On 16 October 2017, the government of Odisha approved the enactment of two 
ordinances with a view to assign land rights to eligible slum dwellers for redevelop-
ment, rehabilitation and up-gradation of slums. The Odisha Land Rights to Slum 
Dwellers Act 2017 (the Odisha Act) assured land rights to the urban poor house-
holds to smaller urban local bodies (in municipalities and Notified Area Councils) 
while the slum dwellers in bigger Urban Local Bodies (ULBs, i.e. municipal corpo-
rations) would be granted property rights under the Odisha Municipal Corporation 
(amendment) Act 2017.

These statutes are important as they extend to urban areas in the whole of the 
state of Odisha covering all the 116 ULBs in Odisha and seeks to grant land rights 
to slum dwellers in 200,000 slum households. The broader objective of the law was 

Social Innovation as a Disruptor of Tenure: Recognising Land Rights of Slum Dwellers



88

disruptive, as it would turn titled slums into liveable habitats, enabling them access 
to better sanitation and credit, better healthcare, education and housing services. 
Some may argue that the new law was drafted and passed hastily, and this has been 
to date challenging for implementation strategies which rely on multi-stakeholder 
platforms and use of technological advances to scale rapid success. However, with 
innovative processes, including drone mapping of slum plots, there has been a suc-
cessful grant of land rights to more than 50,000 households.

The new law was consciously designed to be simpler and smaller: the Act is in 
fact nine pages, whereas the bill was 19 pages. The focus of the Act has been on 
conferring land rights (versus dwelling space) as far as practicable in-situ1 and on an 
as-is, where-is basis in a time bound manner using geospatial technology. This is 
implemented through specifically constituted institutions at ULB and slum levels 
supported by multi-stakeholders at different levels.

3.3 � New Relationships

The implementation of the Odisha Act adopted a multi-stakeholder effort which 
reflected a strong collaborative approach (Memon & Pandey, 2018). The array of 
stakeholders and their roles are depicted in Table 1. The state government’s depart-
ment of housing and urban development, in partnership with Tata Trusts, led the 
implementation process. While Tata Trusts have been the implementing partner 
coordinating the project across stakeholders and facilitating at the ground, different 
partners have been responsible for activities within the realm of their expertise. 
Technical partners such as, the Spatial Planning and Analysis Research Centre, 
Transerve and Surbana Jurong, have been involved in deploying drone surveys to 
map land and create slum settlement and household boundaries. The technology 
companies received strategic direction and guidance from Omidyar Network, which 
had previously recommended, funded and assisted drone mapping as an effective 
tool in the Philippines.

Local government stakeholders facilitated the convening of community mem-
bers and added method and protocol to the process. They also facilitated access to 
physical maps from revenue departments for determination of land eligibility. 
Importantly, the Act advocated for the community as the most critical stakeholder 
and all partners worked in tandem to uphold that tenet. Community awareness, buy-
in and participation were the focus for all through the process (Memon & 
Pandey, 2018).

NGOs were engaged through DUDA, conducted digital household (Urban Slum 
Household Area Survey) and spatial survey, assisted revenue authorities and ULB 
with measurement of land, formed Slum Dwellers’ Association and assisted them 
with preparation of slum dwellers rehabilitation and resettlement plans and assisted 

1 In-situ settlement is allowed for a household to the extent of 45 sq.m (484 sq.ft) within a 
Municipality and 60 sq.m (646 sq.ft) within a Notified Area Council (NAC), while in case of relo-
cation, 30 sq.m (323 sq.ft) for both Municipality and NAC.
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ULB in the issue of LRC within a period of six months. The payment was as per 
number of slum households at the rate of about less than 2 USD. 24 local (NGO) 
partners were engaged by the DUDA, either from the district or outside. It is impor-
tant to note that the NGO marked the households and public areas in the slum on the 
map during the USHA survey, and returned it to the technical agency as an input to 
calculate the area to be settled for each household and plan the layout for the slum 
for settlement. Whilst NGOs have been known more for their role around social 
mobilization and institution building, here they were used as service providers 
around household and spatial survey.

The area for the Land Rights certificate was calculated by a geospatial technol-
ogy firm based on the polygons drawn by NGOs over ortho-corrected images of the 
drone survey, usually looking at the roof area of households, during USHA survey.

The scope of work of technical partnerships included description on mapping of 
slum households and generation of outputs (in form of standard soft and hard ver-
sions) through use of high-resolution aerial image acquired by small UAVs. The 
base maps generated had to be represented through GIS, linked to the household 
enumeration data as well as overlaid with the official ROR information of land type 
and ownership, as well as overlaid with the maps of non-household areas of the 
slums. There was also a requirement to set up a fully functional Land Information 
System (LIS) to capture the data and visualization being generated for each slum. 
Out of ten agencies approached to submit a bid in 10 days, five submitted, with one 
submitting only for LIS. Input provided by the agencies and the results of the test 
bed demonstrations were evaluated by the same consortium of input givers who had 
helped create the RFP. The state, constituting of 30 districts was divided among the 
three technical agencies, with SPARC responsible for 14 districts, Transerve for 11 
districts and Surbana Jurong for the remaining five districts. The agencies were 
expected to cover 46 ULBs covering about ~100,000 households in a span of 
six months. The drone survey took about 15 min per slum. Pre and post work on the 
survey added up to an hour of work for every slum. The draft proposal map created 
on a 1:500 scale, while cadastral maps of the state have been in 1:4000 scale.

4 � Discussion

In this section, we critically consider the case study in the context of the impact of 
social innovation as an alternative to traditional approaches to land rights.

4.1 � Social Innovation in Terms of Novel Legislation

For the state of Odisha to pass law to grant rights to slum dwellers was a significant 
disruption to the social, political and economic order of Odisha, and to India itself. 
Although it is early days for implementation, the allocation of certificate of land 
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rights to hundreds of thousands of households, as quickly as possible, has been a 
significant challenge (Memon & Pandey, 2018).

The Land Rights Certificate (LRC) issued under the Odisha Act were a new legal 
instrument, conferring limited land tenure rights. This new tool lacked precedence, 
and connection to existing land rights regime in the state, as compared to the older 
(traditional) Record of Rights. Unlike other such land rights granted/recognized 
under other laws including the Odisha Land Reforms Act of 1960, the Odisha 
Government Land Settlement Act of 1962 or the Forest Rights Act of 2005, there is 
no provision in the current Act or Rules to integrate this right into the Record of 
Rights. The new LRCs lacked any reference map and a sub-divided unique parcel 
number. Hence, there are incomplete land records which have been created.

It should be noted that land tenure security is not a basic pre-requisite for access 
to public services and entitlement for a slum dweller. Pursuant to the Odisha Act, a 
land rights certificate will be issued jointly for married couples and will be accept-
able as a valid address proof. Listing of slums and households are equally impor-
tant, even on untenable or government lands. Listing of persons residing in under 
serviced settlements qualifies them to obtain identity cards and basic urban services 
as per the Orissa Municipal Corporation Act 2003, irrespective of their land tenure 
status and ownership. Slum listing has been argued as an “organic practice” which 
opens up channels of negotiation with power (Raman, 2015; Richter & Georgiadou, 
2016). Formal recognition as a “slum” is regarded as the ticket for poor communi-
ties to negotiate not only access to basic services and other state resources, but also 
their presence in the city (Arabindoo, 2011). Whether it is for assigning property 
rights to the urban poor or for listing of slums, negotiations around urban citizen-
ship are governed by external factors including, urban environment, urban environ-
mental practices and politics as observed by Hagn (2016) in Puri, Odisha.

A drone survey was conducted in 2017 with geo-referencing to calculate land area, 
but was not used to generate the map. Unlike the Record of Rights, the area in the 
LRC is given in square feet and is signed by the District Collector as the authorized 
officer under the Act and Rules. While a copy of such certificate is shared with the 
Revenue Department, it is not clear if the Digital Land Registry (textual and spatial) 
is updated. The adds a further layer of uncertainty for the new land rights system.

Additionally, many households commonly use areas adjacent to their house 
(with roof) for cooking, bathing and other works regularly without having a perma-
nent roof. These areas have been mostly excluded from their individual rights and 
have been added to public spaces. Shapes of smaller houses, not always confirming 
to straight lines, add error and biases to measurements. Poorer households with 
smaller houses as well temporary roofs also lose out on area limit. While such tech-
nology and legal limitations (including that of date) challenges inclusion, the 
requirement of voluntary surrender of occupied land more than the permissible limit 
and relocation of households for public amenities or to avoid disaster risk, often 
warranting contestations and conflict.
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4.2 � Social Innovation in Terms of New Relationships

Allocating land rights to eligible households is a complex process. It involves iden-
tifying eligible slums and slum boundaries, mapping land, checking the tenability of 
land for granting individual rights, validating demographic details, addressing con-
flicts and finally granting titles. Further, the Act by design, elevates the voice of the 
community by stipulating the formation of slum dweller associations (SDAs) in 
each slum. This comprises of community members who actively participate in the 
process and compile the final list of eligible slum households. The state government 
has recognized that executing such a task will require support from external stake-
holders and use of modern technology ie. drones, though they were not reflected in 
the Act and Rules.

The Omidyar Network champions mapping technologies, specifically drones, as 
the most cost-effective surveying solution to scale the delivery and believe that their 
support leads to capturing detailed, accurate, high-resolution images for mapping in 
less than a week, compared to the months and resources expended on mapping 
boundaries through manual surveys. While use of drones has definitely aroused 
curiosity and community involvement in the slum mapping process, there are chal-
lenges in terms of appreciation of technology and underlying interpretation process 
in absence of targeted and deliberate communication through appropriate channels. 
The impact of drone use on mapping and inclusion of stakeholders requires further 
research and policy considerations for land rights, as does the integration of drone 
image in the Record of Rights. There may also be other simpler and community 
participatory technology options, which have been attempted elsewhere, under sim-
ilar contexts, which could be considered, but to date, have not been raised in the 
mapping of the land for LRCs in the Odisha slums.

4.3 � Social Innovation as Nurturing Social and Cultural 
Capital in Communities

Not all people in slums lack land tenure security. In Bhubaneswar, the largest 
municipal corporation in Odisha, where the implementation of the Act is yet to start, 
116 of 436 recognized slums are on lands with some form of tenurial rights (Anand 
& Deb, 2017). The accepted slum definition, based on which census and estimates 
are made, does not take tenure into consideration. Targeting scales based on these 
numbers, can be unrealistic while putting overwhelming pressure on implementers. 
Moreover, addressing complexities and disputes of past and present tenure can be 
often tedious, requiring more capacity and consensus.

Under the Odisha Act, land can only be used for residential purposes. However, 
about 17% of slum houses are used for non-residential purposes as per 2011 Census. 
A “landless person” means a person who is a citizen of India and does not own 
either in his own name or in the name of any member of his family any house or 
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land, or land rights granted or inherited under this Act, in the urban area as per this 
Act. In absence of updated land record, which continue to clog India’s civil courts 
with disputes and haunt India’s flagship DILRMP, it is very difficult to conclusively 
identify a landless person. Even thought the Act has the provision of cancellation of 
LTC in case of false information, it may be difficult to do so. Similar requirement of 
evidence in terms of government documents, may deny inclusion for the poor who 
may lack them due to different reasons.

A significant factor for the new approach, has been a strong and continued lead-
ership by the Secretary of HUDD with a complete buy-in and unflinching support 
by the state political leadership. This has been promoted as an important project for 
the Chief Minister with the highlighting of its achievement and impacts through his 
presence, branding and numerous awards that it has received so far. This has also 
raised the expectations from the project in terms of impacts and numbers, often 
channelizing expediency and urgency through a top-bottom flow, affecting time and 
efforts required to ensure process, consolidate learnings and address disputes. While 
a clear command and supportive power structure has enabled quicker decisions, 
timely adaptations resulting in impacts at speed and scale it has also weakened spo-
radic innovations, local participations and at times inclusion, largely owing to ten-
ure complexities and limited local capacities.

Memon and Pandey (2018) note further, that such a collaborative approach has 
brought together unique strengths and, the implementation has been able to embody 
best practices from some of the most sophisticated land titling programmes glob-
ally. There are also challenges, and the authors report that learnings from the ground 
have reasserted the importance of three critical mechanisms. First, strong account-
ability frameworks. The legislation is unique in its determination to stick to a time 
frame. Accountability lies at the core of such commitments and establishing these 
frameworks that outline accountability and chain of command will ensure that 
issues can be resolved efficiently. Accountability frameworks also incorporate 
decision-making roles and empower stakeholders to effectively deal with crises.

Second, a critical need to invest upfront on alignment and on creating tighter 
management protocols. Given the novelty of the programme, there is no existing 
template to ensure success. However, clarity in laying out roles, management struc-
tures, and creating standard operating processes in parallel will not only ensure a 
smoother process but also serve as a credible public good to other states or pro-
grammes with similar aspirations. We have been witness to many successful multi-
stakeholder programmes and absorbing the best practices that emerge here can help 
in creating a stronger guide. Third, a mechanism to course correct and define change 
management protocols along the way. There is a need to both capture and utilize 
learnings that will arise from this exercise to further fine-tune the implementation 
process. By defining in-process measurement metrics, capturing progress, distilling 
learnings and adopting a strong feedback loop, the Act will be able to create a tem-
plate that other states can learn from.

Land administration processes are costly to establish, and enforce, and the cre-
ation of a new system is a significant step which many jurisdictions cannot afford. 
The fit-for-purpose approach offers opportunity for quicker mapping via drone and 
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other GPS technology. The data collected must still be post-processed and validated 
with communities, and there continues to be a high margin for real error.

The rationale here is not too dissimilar to enforcement of law. Implementation, 
compliance and enforcement of existing laws is in itself highly challenging. Many 
local governments openly admit that they simply do not have the resources to police 
illegal municipal breaches and they only enforce the rules against the “worst offend-
ers”, who often come to their attention through reporting of neighbour behaviours 
(Hutter, 1997; Leshinsky, 2012; Leshinsky & Schatz, 2018). New processes, espe-
cially those which seek to create or consolidate existing land rights, can be difficult 
for all stakeholders to accept.

It is at this point where social innovation can play a vital role in normalising new 
forms of tenure. Social innovation has a place to play, in the context of the fit-for-
purpose approach to educate all stakeholders of the benefits for new approaches 
such as the granting of land rights to slum dwellers.

Whilst established and effective land administration systems are not likely to 
change, important for new adopters, is the support and encouragement for those in 
need of change, and assistance to reach this objective is necessary. Such change in 
those jurisdictions wanting to empower their citizens must come at the level of the 
public sector and may involve institutional and organisational reforms, including 
legal framework, processes and procedures, and awareness in terms of incentives 
and accountability. FIG/World Bank note that to drive this change process there 
must be effective knowledge-sharing to ensure the lessons learnt and good practices 
are widely implemented.

5 � Conclusion: Can Social Innovation Facilitate Greater 
Equity for Land Tenure?

Granting land rights not in the fashion undertaken by more formal and established 
tenure systems is disruptive, yet, also empowering. This is particularly important to 
patch inequalities. The pathway to land rights, which provide security of tenure, 
requires a system based on accountability, transparency, ethics but also strong com-
pliance and enforcement, which is costly. For many jurisdictions, however, these 
criteria ask too much where citizens struggle with daily life.

The Odisha government can potentially stimulate a revolution to not only better 
the lives of one million slum dwellers. Further, they have the ability to set an exam-
ple for other governments, both in India and in elsewhere, who believe that access 
to land and access to dignity are not that far apart.

In Odisha, change is truly underway stemming from social and political will to 
change the lives of slum dwellers, who have been marginalized groups for decades.

Social innovation can act as a facilitator for more equitable law for slum dwell-
ers. To understand the real impact of its operation, this must be observed long term, 
as it offers lessons for law making which can disrupt tenure. The Odisha slum law 
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was enacted in 2017, and whilst there has been innovation in its implementation, 
with new technologies, and community participation processes, it is still early to 
measure effectiveness. With more research, and analysis, Odisha is set to be an 
important case study for social innovation as a catalyst for more equitable land rights.
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Blockchain-Based Land Registers:  
A Law-and-Economics Perspective

Georg von Wangenheim

Abstract  Both land registration and blockchains pursue the production of immu-
table information. Land registration is hence among the most often suggested use 
cases of the blockchain technology. However, only a very small number of success-
ful large-scale applications exist in the wild. This chapter aims at explaining why 
this number is so low despite blockchain’s prima facie suitability for land registra-
tion. After laying technical and legal foundations, we argue that trading shares of 
real estate investment funds on a blockchain has little to do with land registration. 
This allows us to concentrate on the benefits that the blockchain technology may 
provide for land registration in a proper sense. We show that “anchoring” land reg-
isters in public blockchains by regularly writing hash values of their content in one 
or several of those blockchains can overcome lack of trust in the immutability of 
digitized land registers without affecting the latter’s rules and organization. In con-
trast, implementing the entire land registration system on a blockchain and change 
rules and governance accordingly may result in high efficiency and effectiveness. 
This may be a big leap forward for many jurisdictions. In jurisdictions with already 
well-functioning land registration systems, the gain from a transition to the block-
chain technology tends to be small for both deeds recordation and title registration 
systems, in fact often too small to justify the costs of transition. The major reason is 
that many inevitable links between real-estate reality to its blockchain representa-
tion require human decisions to balance the diverging interests of affected parties.
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1 � Introduction

Despite the hype about blockchain technology in late 2017 and early 2018, success-
ful use cases for the technology are still rare. Land registration and, more general, 
exchange of real property is one of the few cases, for which a small number of, at 
least seemingly, successful examples exist and for which many advocates of the 
technology expect more successful examples to arise. They believe that blockchains 
and the underlying distributed ledger technology will be able to substantially accel-
erate and facilitate the procedure of transferring property in real estate, reduce fixed 
costs of these procedures and thus open real estate for divided and small scale 
investments and crowd funding, obsolesce notaries for transferring real property 
and at the same time increase the reliability of land registration.

In fact, several administrations like those of Sweden and Georgia have endeav-
ored to implement land registration or parts of the underlying procedure on a block-
chain (Benbunan-Fich & Castellanos, 2018; Kaczorowska, 2019). Some US 
American counties (Teton County, Wyoming, and South Burlington, Vermont) are 
collaborating with Blockchain firms to move their deeds registers to blockchain 
applications (Hamilton, 2019). Attempts of other jurisdictions, like e.g. Honduras, 
have failed (Benbunan-Fich & Castellanos, 2018)–probably not the least due to the 
threat of secure registration that was unwelcomed by land-grabbing politicians. In 
countries where land registration is feeble and developing slowly, private organiza-
tions have been and still are striving for a blockchain-based registration system to 
complement and, eventually, substitute the official government system (e.g. Kenya’s 
Land Layby Listing, see LandLayBy, 2018) and development aid organizations like 
the German GIZ suggest to rely on the blockchain technology to implement work-
able land registration systems.

However, none of the attempts to bring land registers to a blockchain has been 
completed yet. Many proposals to establish blockchain-based land registration 
appear to neglect many of the intricacies of land registration. This chapter aims at 
clarifying why moving land registration to a blockchain is so difficult or not worth-
while at all. At the same time, the chapter also attempts to look at the problem from 
a positive angle by asking how blockchains and the underlying distributed ledger 
technology can improve land registration.

To answer these questions, I will clearly distinguish between four different 
modes of connecting real estate to a blockchain: blockchain-based real estate funds, 
anchoring digitized land registers in blockchains, digitizing deeds registers in a 
blockchain including the Swedish case of pre-registration of deeds, and, finally, 
tokenization of rights in real estate. Only the latter two are moving land registration 
to a distributed ledger sensu stricto and can be applied only to deeds registration 
systems and, respectively, title registration systems. Hence these two approaches 
deserve more detailed discussion than the former two. Before diving into this dis-
cussion, I will provide some technological background of the blockchain and dis-
tributed ledger technology, the understanding of which is prerequisite for a sound 
discussion of land registers on a blockchain. Similarly, I will briefly recall some 
features and distinctions of land registration law.
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Other authors like Arruñada (2018), Kaczorowska (2019) or—most pessimistic—
Barbieri and Gassen (2017) have also discussed the prospects of using the block-
chain technology to improve land registration. What this chapter adds to the literature 
is that it carefully distinguishes modes of combining blockchain and land registration 
and at the same time considers the variations of land registration in many dimensions.

2 � Technical Background

Assessing the merits of various approaches to connect land registration to block-
chains requires some central elements of the underlying technology. This is not the 
place to review blockchain and distributed ledger technology in general (see Biais, 
Bisière, Bouvard, & Casamatta, 2019; Chen, Cong, & Xiao, 2019; Zheng, Xie, Dai, 
Chen, & Wang, 2018 for concise overviews). I will rather concentrate on the ele-
ments of the technology that are indispensable for discussing the pros and cons of 
registering land on blockchains. As the Bitcoin blockchain is prototypical for all 
blockchains on distributed ledgers and relatively simple to understand, I will use 
this blockchain to introduce the technology.

In the Bitcoin system we must distinguish two chains. One is the chain of blocks 
of information, which produces immutability, and the other is the chain of transac-
tions, which secures correctness of ownership of bitcoins or shares thereof (Satoshis). 
Blocks of information are chained to each other by the hash value of the previous 
block. As the hash value is like a fingerprint and extremely hard to reproduce by an 
alternative block of information, it is impossible to alter any information in a past 
block of a blockchain without altering all subsequent blocks as well. To make such 
a reproduction of an alternative chain difficult, Satoshi Nakamoto, the unknown 
inventor of Bitcoin, stipulated requirements for the validity of a block which can 
only be fulfilled if the worldwide computing power used to work (honestly) on the 
Bitcoin blockchain is busy for about 10 min (Nakamoto, 2008). Inventing an alter-
native chain then requires at least half of this hashing power—whence the label 
“51-percent attack”—or chances to catch up with the ongoing calculations of new 
blocks in the correct chain are extremely low. Garay, Kiayias, & Leonardos (2015) 
suggest that other types of attacks also require a majority of the computing power 
used for mining in the relevant blockchain.

All (full) nodes of the system—during the last 2 years about ten thousand—store 
this chain of blocks of information and compare their information to the chain of 
others. As storing and working on the production of valid new blocks is only valu-
able if one stores the same chain that most others accept, every owner of a node 
(a “miner”) aims at working with the version of the chain that he expects others to 
work with. On first sight, this seems to be what economists call a beauty contest 
(first introduced by John M.  Keynes, 1936, p.  156). However, there is a strong 
empirical signal of what chain other miners will work with if there are more than 
one branches: the longer a branch, the harder it is to change ex post and thus the 
better it is to work with this branch. As a consequence, if the blockchain forks 
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(which it does from time to time), very quickly the miners re-coordinate on one of 
the branches, namely the one that grew longer the fastest. This “consensus mecha-
nism” is called “proof of work” because a branch grows faster if more work (i.e. 
hardware and energy to run it) is invested in it. The consensus mechanism has been 
strong enough to forestall any ex-post mutations of the Bitcoin blockchain since its 
start some 11 years ago.

The chain of transactions secures a proof of ownership of Bitcoins and Satoshis, 
where the word “ownership” is loosely used and not in a strict legal sense.1 This 
chain allows to trace back the transfers of the currency from owner to previous 
owner to the original producer of the Bitcoins—again a miner. In that respect, the 
Bitcoin blockchain resembles the very idea of land registers, the more so, if they 
record deeds rather than register titles.

This combination of (1) a chain of information blocks, (2) a distributed ledger 
with a self-enforcing consensus mechanism, and (3) a chain of ownership transfers 
implies a number of desirable properties of the Bitcoin blockchain. These properties 
induce many to seek solutions to numerous problems, in particular to problems of 
land registration, in the blockchain technology.

Foremost among these properties is immutability. To change the information that 
is stored in a block which is older than an hour or so, one would need command of 
more than half of the total worldwide computing power to calculate hash values or 
a tremendous amount of luck. As this computing power does not only have to be 
under one’s command but also needs to be fueled by an amount of electricity which 
is similar to half of the average consumption of Denmark, attacking the Bitcoin 
blockchain is extremely expensive–which usually turns working for the security of 
the Bitcoin blockchain far more profitable in expectation than working against it. 
Hence only very few have attempted to alter information in the Bitcoin blockchain, 
and no one has ever succeeded during the 11 years that the Bitcoin blockchain exists 
when this book will be printed.

One should be aware though, that this security of the Bitcoin Blockchain is a 
consequence of its underlying characteristics. A successful attack is so costly because 
it requires command of a large proportion of the worldwide computing power—and 
the corresponding electricity. If the Bitcoin blockchain consumed less computing 
power—and less electricity—an attack would be far cheaper. Thus, immutability 
results from Bitcoin’s proof-of-work consensus mechanism only because Bitcoin 
collects a large proportion of the worldwide computing power to calculate hash val-
ues and consumes a lot of energy. The number of immutable blockchains based on 
proof of work hence cannot be large, at most three or four in the world.2

A second property of the Bitcoin Blockchain, that makes it so attractive, is its 
resilience. As the information is stored by about ten thousand nodes all over the 

1 In some jurisdictions Bitcoins as virtual commodities cannot be owned as property nor can they 
be object of any other legal right.
2 With five competing blockchains, the smallest one would use less than 20% of the computing 
power. Redirecting computing power from other blockchains would make a 51-percent attack rela-
tively easy.
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world, even a worldwide power outage cannot destroy the immutable ledger. As 
soon as power is back, the nodes will restart to use, exchange and compare the infor-
mation and only unaltered chains will become generally accepted.

The third property of the chain is its accessibility for both reading and writing 
new information to it. The latter, writing accessibility, requires a fee large enough to 
induce miners to include the new information in the block they are working on. As 
storage space and the number of transactions that the Bitcoin blockchain can per-
form is scarce, nobody claims that entire land registration systems could be brought 
to the Bitcoin blockchain.

Proponents of other blockchains do not simply replicate the Bitcoin blockchain. 
They rather claim to improve on the technology by altering some of Bitcoin’s fea-
tures. Obviously, that may affect the properties that make Bitcoin so immutable, 
resilient and accessible. To distinguish between different blockchains, one should 
look at the following characteristics carefully.

Blockchains may be public (“permissionless”) or private (“permissioned”). One 
should note that a blockchain run by a single firm or a single government body—or 
consortia thereof—is by definition a private blockchain.

Proof of work as the mechanism making an instance of a chain reliable, may be 
replaced by other “consensus mechanisms”, provided these mechanisms are as hard 
to circumvent as proof of work. Proof of stake has often been discussed as a candi-
date because ownership of a chain’s currency or other values enshrined in the chain 
are stakes that will deter any fiddling around with the reliability of the chain. 
However, proof of stake has not yet been implemented in any large public block-
chain until today.

What many people seem to accept as an alternative to proof of work is proof of 
authority, where endorsement of the chain by one or several authorities secures 
immutability. These authorities may be powerful firms, like IBM’s blockchain based 
on hyperledger, or a trustworthy government. Proof of authority obviously becomes 
more reliable if more than one institution runs a blockchain and their consensus (or 
majority) is required for including the next block into the blockchain. The more 
these institutions distrust each other, the less likely they collude and thus the safer a 
consortium-run blockchain becomes. Of course, proof of authority contradicts the 
idea of a permissionless blockchain and excludes unrestricted access at least to writ-
ing to the blockchain.

Scalability is a feature of blockchains that Bitcoin is lacking. However, when 
talking about land registration on a blockchain, then scalability is of utmost 
importance.

Finally, blockchains (other than Bitcoin) need not be restricted to storing static 
information but may also be able to execute programs. While these programs are 
misleadingly called “smart contracts” (the name “chaincode” used by hyperledger 
fabric seems to be more appropriate), they are most relevant for registering rights in 
land, because they allow for conditional transfer of rights which are inevitably exe-
cuted once the conditions are met.

With this basic understanding of the most relevant properties of the Bitcoin 
blockchain and of other blockchains, it makes sense to take a brief look at the vast 
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variation of land registration systems we observe in the world before we turn to 
alternative approaches to bring land registration to a blockchain.

3 � Legal Background of Land Registration

The idea of land registration is obvious and simple. Transfer of property as a right 
in rem requires some sort of evidence for the public because in-rem rights are valid 
against all persons (see Baird & Jackson, 1984). Two sources of evidence are tradi-
tional to produce publicity of the transfer of property: possession and chain of title 
(e.g. Arruñada, 2003). While possession and transfer thereof is sufficient informa-
tion for most movables, possession in land is much harder to observe and to uphold. 
Hence, land registration either in the form of recordation of deeds of transfer or as 
registration of titles in land replaces possession for the transfer of ownership (and 
other rights) on land in most jurisdictions. Land registration in both its variants is 
similar to blockchains inasmuch as both are append-only ledgers. Land registration 
therefore suggests itself as a use case for blockchains and corresponding projects 
are abundant.

However, such projects and suggestions have to survive in, and adapt to, specific 
legal environments. Few legal concepts aiming at one common objective, though, 
differ so much in their details across jurisdictions as does land registration. At least 
a dozen dimensions in which such differences prevail should be considered relevant 
(see for example Zevenbergen, 2002, pp. 47–82, for an overview on many of these 
dimensions). Not all are completely independent of each other, but none of them 
determines the specification of another without any degree of freedom.

First and foremost is of course the distinction between deeds recordation and title 
registration. While countries like France and most counties in the US record deeds 
and rely on a long enough chain of recorded deeds for proof of ownership, countries 
like Germany and Australia register titles and allow ownership to be proven by ref-
erence to the title registered. Other countries rely on a combination of both systems 
(e.g. Sweden) or are in the course of a transition from deeds recordation to title 
registration (e.g. England and Wales as well as Israel have completed the transition 
for the vast majority of their territory). Closely related to this dimension is the dis-
tinction between what interests in land are registered. On the one hand, England and 
Wales register all rights including temporary transfer to tenants. On the other hand, 
most counties in the US only register transfer of property and contractual mortgages 
while other interests like easements or usufructs in the same real estate may be reg-
istered elsewhere or not at all (see Spielman, 2016, pp. 17–19, for an interesting 
report of the typical procedure), which is the main reason for the existence of the 
industry of title searchers and title insurance. Most jurisdictions lack registration of 
administrative-law interests.

Further dimensions are
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•	 the power of the information the register contains: this information may provide 
conclusive evidence, it may be indefeasible, it may produce good faith or it may 
be merely informative;

•	 whether the register provides only positive or also negative evidence: in the for-
mer case, the aforementioned power of the information refers to what is actually 
registered, i.e. anyone can rely on the information included in the register being 
correct; in the latter case, it also refers to what is not registered, i.e. anyone can 
rely on the information included in the register being also complete;

•	 the legal quality of entries into the register: they may be constitutive for the trans-
fer of rights or only declaratory;

•	 the accessibility of the register: it may be open to anyone, to anyone who is will-
ing to pay a fee (typically per real estate on which he or she seeks information), 
to anyone who claims or can prove a legitimate interest in the information, or 
only to notaries;

•	 the degree of digitization: the register may be based on paper, may be a mere 
digitization of a paper version, may be a publicly accessible databank, or it may 
be a platform on which outsiders (like sellers or buyers of real estate, possibly 
only if represented by a notary or so) can directly alter the content of the databank;

•	 whether the land register contains a cadaster or refers to a cadaster or is indepen-
dent of any cadaster;

•	 the existence of priority notices (warning notes, caution remark, caveats, 
Vormerkung), which guarantee that a certain future transfer of rights legally pre-
cedes all transfers of rights which are performed after such a notice;

•	 the role of notaries;
•	 the reliability of the list of pending registration applications, if such a list exists;
•	 the share of the land of a jurisdiction that is covered by the register: in particular 

in countries like England and Wales that have introduced the register only in the 
recent past (which includes some one hundred years in the case of England and 
Wales) not all land is already registered.

Given this wide range of possible legal differentiation, writing about, or even 
doing business in, bringing real estate to the blockchain requires careful consider-
ation of the exact project and how it fares in specific legal environments. While such 
considerations have to remain far from complete in a mere book chapter, the first 
two subsections of the next section aim at drawing the reader’s attention to the most 
severe inaccuracies that one should avoid in a discussion of real estate on the 
blockchain.

4 � Different Ways of Moving Land Registers to a Blockchain

Based on the technical and legal background of land registration on blockchains, we 
study the four different approaches very briefly alluded to in the introduction. We 
start with a closer look at real estate investment funds or trusts. As this approach 
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does not change land registration but only alters the market for shares of these funds 
or trusts, the idea will only be briefly discussed. The second approach we look at is 
what we observe in Georgia, where a digital title register has been newly imple-
mented and connected (“anchored”) to blockchains to “borrow” the latter’s immu-
tability. This approach may constitute a disruptive change of land registration in 
jurisdictions currently lacking trust in the immutability of its registers. However, 
using a blockchain in this way does not interfere with the essence of land registra-
tion. Consequential legal questions remain minor.

This is different for a complete transfer of land registration to a distributed led-
ger. As legal consequences of such “blockchainization” of land registration depend 
crucially on the type of land registration, this chapter first considers how systems of 
deeds recordation could be implemented on a blockchain. We can again refer to a 
prominent example, this time from Sweden. However, the example seems to be less 
of a success than the Georgian one. Finally, the chapter turns to systems of title 
registration which imply far more legal problems which seem to require interfer-
ence with the very idea of a blockchain, its immutability. The difference between 
the systems becomes most important, if it goes along with the registration being 
constitutive for the transfer of rights and not only declaratory.

4.1 � Reals Estate Funds

Real estate funds organized on a blockchain are by far the most prominent example 
of business endeavors bringing together real estate and the blockchain technology. 
From a legal perspective, however, such ideas have hardly anything to do with mov-
ing land registration to the blockchain. If they would, severe incentive problems 
would quickly trim down any profits of the fund and eventually destroy it.

Advertisements of such firms, most often start-ups with little real business, claim 
that property of real estate can be tokenized in their blockchain application and then 
splitting property into small shares and trading them is claimed to become as easy 
as using a smart phone for transferring money. Imagine this were actually so and 
whoever had a token representing property in a real estate were co-owner of it. Then 
any decision on the property would require some form of consent of all owners. 
Unless otherwise agreed upon, unanimity of all co-owners would be required in 
many jurisdictions, at least when decisions concern transfer of property of the real 
estate. This would result in severe anti-commons problems as each and every co-
owner would be tempted to extract as much as possible from any profitable deci-
sions requiring his consent. If decisions only required majority votes, administering 
the real estate would still be far too inflexible. Or owners would have to transfer 
major decision rights to a manager, which would diametrically contradict the very 
idea of ownership. It is thus no surprise that tokenization of real estate hardly ever 
takes this legal route.

What the proponents of the approach actually think of, is tokens representing 
indirect ownership, i.e. ownership of shares of a fund or a company which then in 
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turn is the sole owner of the real estate. It is only these shares of a fund or a company 
that are traded on a blockchain, not ownership of real estate. While this solves the 
problems associated with multiple ownership in resources, the idea has nothing to 
do with land registration on a blockchain. Only company or fund shares are traded 
on the blockchain. Doing so may of course be advantageous on the one hand and 
raise intricate corporate law questions  on the other, but these questions are far 
beyond the scope of this chapter on blockchain base land registers.

4.2 � Digitizing Registers and Anchoring Them in Blockchains

A second approach to linking the blockchain technology and land registration which 
has actually been applied in the real world is anchoring an existing or newly created 
digitized land register to an existing blockchain. The idea of the approach is simple: 
The state of the register (or parts thereof) are fixed and stored from time to time. 
Hash values of the states are saved in one or several blockchains which are generally 
accepted as being immutable—like for example the Bitcoin Blockchain or the 
Ethereum blockchain. As a consequence, anybody who can compare the hash of the 
state of the register with the hash value stored in the blockchain easily detects every 
ex post alteration of the content of the register. By anchoring the register to one or 
several blockchains in this way, the register “borrows” the immutability of block-
chains to prove its own reliability.

The most prominent example for this approach is Georgia, where the govern-
ment collaborated with Bitfury, originally a Bitcoin mining company but later a 
general blockchain technology firm, to anchor an already digitized, but until then 
notoriously unreliably title register in the Bitcoin blockchain (for a detailed over-
view see Shang & Price, 2018).

This approach combines the obvious advantages of digitization on a central reg-
ister with the immutability of blockchains. The advantages of digitization on a cen-
tral register are manyfold. On the legal side, the approach does not restrict the details 
of the land registration system in any way. Legislators need not alter a well-
functioning system of land registration in any way or may import or newly design 
whatever they think to be an ideal system of land registration.

Digital land registers are much more easily accessible than paper-based registers 
for collecting information on transfers or the state of rights for systems of deeds 
and, respectively, title registration. Accessibility can easily be restricted or opened 
up to any desired degree. For example in Germany, no one has access to the infor-
mation contained in the land register, unless he or she has a legitimate interest, 
while countries like Austria or Israel grants access to anybody willing to pay the fee. 
If such access is restricted to information on parcels of land—as is the case in 
Austria–the fee becomes prohibitive for searching what real estate an individual 
person owns—a restriction that may be imperative for data protection rights.

Central ledgers allow for far more efficient storage of data while at the same time 
back-up files can easily be stored with the central authority. In particular for title 
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registration systems, old data on transfer of rights may be deleted without loss of 
conclusiveness of the information contained in the register.

The approach hinges, of course, on how resistant the blockchains to which one 
anchors the land register is against attacks and for how long this can be guaranteed. 
For the time being, only blockchains based on proof of work or proof of authority 
seem to be sufficiently immutable. Proof of stake has been proffered frequently as 
an alternative, but no big blockchain is based on this consensus mechanism to date. 
The reason seems to be that only proof of work is self-enforcing. For any other 
consensus mechanism large amounts of computing power may be abused to forge 
the criteria on which the allocation of mining rights is based. Proof of work guaran-
tees at least, that large amounts of computing power can only be used according to 
the idea of the consensus mechanism. Hence, attacks against the immutability of a 
blockchain require more than half of the worldwide computing power used for the 
respective blockchain.

Obviously, this is a severe obstacle for potential attackers only if this computing 
power covers a large proportion of the overall worldwide computing power. Hence 
only those three or four proof-of-work blockchains which accumulate the largest 
share of the worldwide hashing power are relevant candidates for anchoring. In fact, 
Georgia has chosen Bitcoin as anchor.

Blockchains based on proof of authority derive their trustworthiness and immu-
tability from the promises of the providers that they will keep the blockchain unal-
tered and that they will control each other. If the individual providers are themselves 
sufficiently trustworthy and the entire group of providers is sufficiently averse to 
collude with each other, proof of authority constitutes a valid alternative to proof-
of-work blockchains. Capturing a sufficiently large proportion of the nodes to alter 
the content of the blockchain ex post becomes equally difficult as accumulating 
more than half of the hashing power of the largest proof-of-work blockchains.

Chromia, the blockchain on which the Swedish approach to connect real-estate 
property transfers to a blockchain (for details see below) is based, aims at taking this 
route at least in the long run (ChromaWay, 2019).3 To further add to the immutabil-
ity of their blockchain, they reinforce the power of proof of authority by anchoring 
several such blockchains to each other and combine proof of authority with anchor-
ing their blockchains to the Bitcoin and the Ethereum blockchains.

4.3 � Deeds Recordation in Blockchains

Instead of anchoring an existing or newly developed electronic land register to one 
or several blockchains one may consider implementing the entire land registration 
on a blockchain in order to fully benefit from the advantages and potentials of the 

3 Outside the area of land registration, proof of authority underlies several major blockchain proj-
ects, such as the academic blockchain-based repository “bloxberg” or facebook’s “libra” currency.
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blockchain technology. In this section we consider the most relevant legal questions 
and problems that entail for such blockchain-based deeds recordation systems. Title 
registration systems will follow in the subsequent section.

First and foremost the blockchain underlying the register has to be  carefully 
selected. Public blockchains such as the Bitcoin blockchain may currently look very 
stable, but for land registration life expectancy of the selected blockchain must be 
extremely long. Time horizons that appear close to eternal in computer science are 
far too short when it comes to the durability of land registration. As a consequence, 
public blockchains that appear and evolve on a voluntary basis of private individuals 
exhibit too large a chance of being replaced by an even better alternative. To avoid 
expensive migrations of a blockchain-based land register from one blockchain to 
another and to avoid phases of unsecure registration when an “old” blockchain is at 
the edge of being abandoned by most of its users, government-backed private block-
chains appear to be the superior choice.

As mentioned earlier, such blockchains tend to use proof of authority as consen-
sus mechanism. However, if there is only one authority running the land registration 
blockchain, there is little reason to rely on the blockchain technology at all. Either 
authority is trustworthy enough to make everyone believe in the authorities’ restraint 
from any temptation to change the content of the blockchain retrospectively and 
thus to believe in the immutability of the register. But then this trustworthiness will 
not be increased by using the blockchain technology and it will in itself be sufficient 
to create a high degree of trust in land registration. Using a blockchain in this case 
is superfluous.

Or the authority is not trustworthy enough to implement a land registration sys-
tem. But then it is also not trustworthy enough to guarantee the immutability of the 
blockchain underlying the land registration system. If this is the case, building the 
blockchain on proof of authority of the members of a larger consortium of authori-
ties is likely to solve the problem. As mentioned earlier, such a consortium of 
authorities may provide a sufficient degree of trustworthiness if each of the authori-
ties are sufficiently trustworthy and if they mutually mistrust each other. Such con-
sortia for setting up blockchains across several local, regional or even national 
authorities are likely to be beneficial in other fields than land registration as well.

Whatever the choice of blockchains is, a deeds recordation system requires link-
ing the chain of deeds inside the blockchain to the chain preceding it. As any other 
electronic register, blockchains may render title searching unnecessary, or a very 
simple task, if at least registration numbers of deeds are searchable. Obviously, this 
can only apply to deeds registered in the blockchain system. As they eventually have 
to refer to the previously existing chain, the latter becomes irrelevant only after a 
very long time. One could of course consider registering ownership and other rights 
in land whenever such rights are transferred for the first time by making use of the 
blockchain-based register. Any person claiming rights in that property would then 
have to produce a chain of title only lasting to this initial legal status—which would 
be an easy endeavor given appropriate search functions of the blockchain-based 
register. However, such a registration of rights would be tantamount to changing the 
entire system to a title registration system. We abstract from this possibility in this 
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section and refer to the discussion of title registration in the next subsection. Without 
such a substantial change in the nature of the land registration system benefits from 
using the blockchain technology for digitizing the deeds records are small and 
become relevant only after a large number of years or decades.

Further questions, which are not really specific to blockchain-based deeds 
records but have to be decided for every change of the land registration system, are 
the interests to be covered by the register, whether the register will have negative or 
only positive publicity, and—closely related—whether registration is compulsory. 
In particular if many interests are to be registered, if publicity of the register is both 
positive and negative, and if registration is compulsory, technicalities of the under-
lying blockchain become relevant again.

All in all, benefits from implementing a deeds recordation system on a block-
chain seem to be too small in countries with a well-functioning system (Arruñada, 
2018). Jurisdictions newly introducing land registration cannot and need not refer to 
pre-blockchain chains of registered deeds. To make the new land registration system 
reliable, titles thus have to be registered. We will come back to this solution in the 
next section.

Before, we take a closer look at the example of Sweden with its well-developed 
land registration system. In the public land-registration-and-blockchain discussion, 
this country provides an oft-cited example for a realistic and actually to be realized 
use case of the distributed ledger technology for the purpose of improving public 
administration. We use this example to show that in countries with a well-developed 
land registration system, the benefits from blockchaining parts of the registration 
system are too small to make the transition worthwhile.

In fact, Sweden, like many other countries, has a hybrid land registration system 
based on declaratory but compulsory registration of deeds that works smoothly. The 
only problem that many complained about is the delay of several days, weeks or 
even months between the signing of the deed and its actual registration. As registra-
tion is not constitutive for the transfer of property (or other rights), the true legal 
situation and the legal situation expressed in the register fall apart during the time 
between signing of the deed and its registration. Since registration is compulsory 
only within 3 months of signing the deed and the process of registration takes addi-
tional time—historically up to 4 months, currently about a week according to the 
registration authority’s homepage (Lantmäteriet, 2020)—and lack of registration 
fails to interfere with the effectiveness of a land transfer, property is often unregis-
tered when consecutive transfers of the same real estate follow each other within a 
short time span.

The Swedish authority for land registration—Lantmäteriet—together with 
ChromaWay, a blockchain startup aiming at developing blockchain technology for 
public administration, and Kairos Future, a consultancy, have explored how 
blockchain-based technologies may overcome these problems (Snäll et al., 2018). 
The consortium saw the solution in electronic deeds to be completed in an app on 
smartphones and automatically registered in a private blockchain set up by the 
Swedish land registration authority (to be complemented by other authorities) and 
anchored in the Bitcoin and Ethereum blockchains. To secure reliable information 
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about the ownership of the concerned land, the app was designed to draw informa-
tion directly from the land register and the blockchain containing information on 
deeds yet to be recorded in the register.

The consortium took first steps successfully up to a completed exemplary trans-
fer of property in real estate in the summer of 2018 (Snäll et al., 2018). Since then, 
news about the project seem to wither. A major obstacle to further realization of the 
project allegedly is the lack of a reliable system of electronic identification, which 
is somewhat surprising as Sweden does have a working e-identification system. 
From an economic perspective, the problem apparently is more grounded in a sound 
comparison of costs and benefits. Given the well-functioning Swedish system of 
(hybrid) deeds recordation and the substantial acceleration of the registration pro-
cess the benefits of the blockchain registration for deeds before inclusion of the 
deed in the conventional register seem to be minute. Cases where a registration 
process requiring only a week lasts too long for smoothly transferring property for 
the next time are too rare for drawing any relevant economic benefits from prepend-
ing the conventional records by a blockchain register (Arruñada, 2018, p. 90).

4.4 � Tokenization of Property in Real Estate

The most radical way to move land registration to a blockchain-based system is 
tokenization of property in real estate. The basic idea parallels title registration and 
is thus most easily implemented with this form of land registration: All rights in real 
estate are represented by a so-called token the ownership of which is registered and 
transferred in the blockchain very much like ownership of Bitcoins. Since the initial 
owner of a Bitcoin is clearly defined as its miner, i.e. the first miner who produced 
a valid block at a certain stage of the blockchain, immutable registration of all trans-
fers of a Bitcoin allows everyone to unambiguously identify the current owner. 
Hence registration of transfers is enough to identify the current owner even without 
explicit registration of the identity of the owner. In the words of land registration, 
one could say that deeds recordation and title registration are thus equivalent inside 
the Bitcoin blockchain.

For tokens representing rights in real estate this is not true, because the identifi-
cation of the initial owner of the token is not implied by the setup of blockchain. On 
the contrary, the initial owner either has to be deduced from the land registration 
system preceding the blockchain system or someone—typically the land registra-
tion authority—has to deliberately enter the information on the identity of the initial 
owner into the blockchain. The former alternative would transfer the idea of deeds 
registration into the blockchain-based land register. The latter, however, is much 
closer to title registration. To make a blockchain-based land registration ledger 
resemble title registration, the blockchain could also include information on the cur-
rent owner of the rights in real estate. Different from current title registers, inconsis-
tencies between transfer chains and registered titles would technically be excluded. 
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In the remainder of this section, we will concentrate on this replication of title reg-
istration on the blockchain.

In order to determine whether tokenizing real estate on a blockchain is economi-
cally beneficial, we will first discuss what rights in land can economically be 
tokenized. This will lead us to the question to what degree the blockchain technol-
ogy does, or fails to, render land registration authorities redundant. After answering 
this question to the negative, we will study whether the unavoidable role of land 
registration authorities implies restrictions to the immutability of the land registra-
tion blockchain. The answers to these questions will help us to identify the eco-
nomic advantages of tokenizing land registration.

The most extensive right in real estate, ownership, and direct derivatives thereof 
are obvious candidates for tokenization. In fact, mortgages and rights of preemption 
suggest themselves for tokenization, because they are neither more nor less than a 
conditional transfer of ownership. As such they can be perfectly represented by 
smart contracts, i.e. computer code embedded in a blockchain, that transfer owner-
ship on the condition that some event occurs or does not occur. Such conditional 
transfer of property may be completely automatic or they may require a third party’s 
consent, for example a judge’s or an arbitrator’s consent. Even the recipient need 
not be stipulated in person by the smart contract. The latter could also initiate an 
automated auction of the property, which would closely resemble the current legal 
situation in, for example, Germany’s law on real estates and mortgages.

Rights in real estate that go beyond conditional transfer of the entire property as 
they exist and are included in land registration in most jurisdictions are harder to 
replicate in blockchain-based land registers. In principle, covenants, easements and 
servitudes can be tokenized like ownership. Once defined, transfer of their repre-
senting token apparently is a simple way of exchanging such rights. However, their 
initial definition goes beyond the technical possibilities of a blockchain system. As 
the amount of variation of such rights is effectively infinite, it is impossible to 
arrange for all potential covenants, easements and servitudes when designing the 
blockchain. Humans will be needed to include these rights into the blockchain-
based land register long after its setup. We will come back to this problem when we 
discuss the role of government in a blockchain-based land registration system.

However, once the problem of initial definition of covenants, easements and ser-
vitudes is solved, blockchain-based land registration systems can deal with these 
rights at least as well as any paper-based or electronic register. Just as the existence 
of such rights is today registered with the information on the encumbered estate, 
tokenized encumbrances will include reference to the token representing ownership 
of the real estate. Their existence then becomes obvious to any interested party by 
an appropriate search in the blockchain. As long as the blockchain-based land reg-
ister provides both positive and negative publicity, registration of covenants, ease-
ments and servitudes in such registers implies perfect definition of property rights 
in the Coasean sense. Whether free tradability of tokens representing these rights or 
fixing the tokens to the ownership token of a benefitting estate then maximizes eco-
nomic efficiency depends on the specificities of the situation. Both are possible and 
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simple in a blockchain-based register (Graglia & Mellon, 2018, develop a similar 
list of criteria).

Similar arguments extend to lease or rental contracts, which many jurisdictions 
also include in the set of rights in real estate that can or have to be registered. The 
stronger tenants are protected in case of transfer of ownership of the real estate the 
more important becomes reliable information on the existence of lease or rent con-
tracts for an efficient real estate market. Nevertheless, by far not all jurisdictions 
allow these contracts to be registered. Germany and Austria are prominent examples 
despite their sophisticated land registration systems and their strong protection of 
tenants. One reason for the reluctance of these jurisdictions to include lease and rent 
contracts into land registration is that sophistication of land registration system 
implies high costs of registration. Since in the end it is the tenants who bear these 
costs, opening land registration for lease and rent contracts would countervail these 
countries’ objective to protect tenants.

Many of the advocates of bringing land registration to blockchain-based systems 
claim that administrative costs and the role of government as registration authority 
could dramatically decline. Whether this is true depends on the blockchain-based 
land register’s ability to function without or with little support by such authorities. 
We therefore take a closer look to the necessary and desirable roles of government 
in a blockchain-based land registration system.

In countries where land registration is provided by government authorities, the 
first aspect where government is indispensable is the legal basis for transferring land 
registration to a blockchain-based system. Due to its obvious network economies 
land registration will not turn into a competitive market after moving to a block-
chain but will remain a natural monopoly. Hence government will have to decide 
who runs the blockchain and which blockchain will underlie land registration 
(Arruñada, 2017a, 2018, pp. 96–97). The most important criteria will be the expec-
tation of long-term existence of the blockchain, its immutability, its scalability and 
its ability to handle at least a small number of smart contracts.

Long-term existence is an immediate consequence of the time horizon of land 
registration. Land ownership and registration is probably the legal field with the 
longest time horizon. The perspective is decades and centuries. This stands in stark 
contrast to the 11 years that the Bitcoin blockchain—hitherto the most stable and 
longest existing blockchain—counts since its invention. Since moving a land-
registration system from one blockchain to another may be expected to be extremely 
costly both in terms of administrative burdens and in terms of deteriorating trust in 
the system, the blockchain to be chosen cannot be based on a proof-of-work consen-
sus mechanism. If it were, immutability would only be guaranteed as long as the 
blockchain is among the big three or four in the market of blockchains. Smaller 
blockchains are far too susceptible to 51-percent attacks, which become cheaper the 
less resources are employed in the mining of the blockchain. Taking market capital-
ization as a proxy for the resources used to operate the blockchain and thus for the 
resources needed to run a 51-percent attack, currently only Bitcoin with its 120 bil-
lion US$ market capitalization (i.e. 65 percent of the entire market of 
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cryptocurrencies) can be treated as a safe bet. But even Bitcoin is far from immune 
against better alternatives occurring within the next decades and thus losing its 
immutability.

To avoid having to switch the land register from one blockchain to another every 
decade or so, immutability should be supported by another consensus mechanism. 
At least for the time being, proof of stake has not been implemented successfully 
and thus proof of authority is without viable alternatives. If authority only stems 
from the institution operating the blockchain, use of the blockchain technology 
itself is hard to justify. However, if many institutions form a consortium to operate 
the blockchain and to control each other in operating it correctly, then their indi-
vidual trustworthiness will add up and become reinforced by mutual distrust 
between them. Proof-of-work blockchains may still serve as a safe ground for 
anchoring proof-of-authority blockchains and thereby further increasing trust in 
their immutability (see Chromia blockchain as an example).

Beyond operating the blockchain underlying the land register or at least contrib-
uting to its operation, and beyond mutually reinforcing trustworthiness, public land 
registration authorities will have two more indispensable tasks in a blockchain-
based land registration system: initiating and guaranteeing the connection between 
rights in real estate with the tokens representing them and enforcing the law against 
the blockchain, if necessary (see Arruñada, 2017a, b, for a similar argument).

Establishing and perpetuating the connection between reality and entries in the 
blockchain is one of the central challenges in most blockchain applications beyond 
cryptocurrencies. To have ownership in real estate represented by a token in block-
chain, a cadastre—be it separate from or included in the land register—is required 
to define parcels of land that can be owned. With well-defined parcels of land, own-
ership may be represented by a token if uniqueness of the token is guaranteed. Both 
the uniqueness and the legally correct identity of the original owner of the token 
cannot be guaranteed by any programming code structuring a blockchain. What is 
needed here is the institutional guarantee by the land registration authority.

Once this guarantee exists, transferring the token from one owner to another 
inside the blockchain and thus transferring ownership in land is simple and may 
follow the same rules as the transfer of ownership of cryptocurrencies. Conditionality 
of such transfers can easily be backed by smart contracts and thus mortgages and 
rights of preemption are relatively simple to implement in a blockchain underlying 
the land register. No action of authorities is required here unless the parties to a 
contract so stipulate in their smart contract. The blockchain can take over all tasks 
that are restricted to control whether the conditions of a transfer of property are met. 
If the parties define conditions outside the blockchain, they will transform these 
conditions into actions inside the blockchain. For example, if the mortgage pay-
ments are performed outside the blockchain, the parties will define conditions such 
as “if three out of four clearly named arbitrators sign with their private key inside 
the blockchain that the debtor failed, then the smart contract triggers an automatic 
auction of the mortgaged land, the proceeds of which go to the lender”.

Other rights in real estate, i.e. rights that cannot be characterized as conditional 
transfers of ownership, however require actions of the land registration authority as 

G. von Wangenheim



119

much as ownership itself. Such rights, covenants, easements and servitudes, need to 
be clearly defined and carefully and exactly added to the database contained in the 
blockchain. Not only these steps of creating new rights in real estate require human 
action from the authority’s side. Consistency of all encumbrances of any specific 
parcel of land also has to be  guaranteed—a task that cannot be performed by a 
machine, not even if it possesses artificial intelligence, since controlling for consis-
tency of different encumbrances requires understanding their meaning. Even 
humans sometimes err here.

These and other possible errors bring us to the last, but not least missions of the 
registration authority, possibly in collaboration with the courts. Mistakes in regis-
ters, be they blockchain-based or not, do occur; the content of the register may devi-
ate from the legal situation. The cause may run the full gamut from simple errors in 
transposing legal code into computer code via cases of illegal or unjust enrichment 
or eminent domain to unnoticed legal incapacity to sign a deed. In many of these 
cases a legal duty of the wrongful owner of a token representing an alleged right in 
rem to transfer the token to the legal owner of the right is insufficient to restitute the 
law. Transfer of a wrongfully owned token must also be possible without or even 
against the will of the current owner.4

This is not to say that the blockchain has to be corrected retrospectively and thus 
immutability to be destroyed. What is needed is the power of the registration author-
ity or the courts to induce a transfer of tokens as if they were the owner. The proto-
col of the blockchain underlying the land register thus has to allows transfers of 
tokens either by signing the transaction by the private key of the owner or by the 
signature of the authority or the court. Such alternative signatures are not entirely 
new. The most relevant blockchains do already allow smart contracts that require n 
out of m signatures or even more complex combinations of signatures. This is what 
is needed here. On the first level, it must be possible to trigger token transfers by 
either of the two signatures of the owner or the authority or a court. To reduce the 
risk of abuse of this ability of the authority or the courts and to increase trust in the 
system the signature of the authority or the courts may again be subject to a so-
called multisig requirement, for example allowing to supersede the lack of the own-
er’s signature only by the simultaneous signature of, say, 14 of the 20 authorities 
forming the consortium to operate the land registration blockchain.

With these conditions—underlying blockchain proof-of-authority as consensus 
mechanism operated by several authorities; coverage of (almost) all legal rights in 
real estate; clear definition and guarantee of token-represented property rights by 
the competent authority; restricted (joint) power of authorities to induce transfer of 
tokens against the will of the token owner—satisfied, a blockchain-based title regis-
ter is a legally and technically viable alternative to the existing title registers based 
on paper or a central database. But is it economically viable too? Proponents of 
tokenization of land registers proffer acceleration of transactions, increased 

4 The same is true for tokens that are assigned to a blockchain address for which the owner lost his 
private key. To keep these tokens and the assets the ownership of which they represent tradable, the 
land registration authority must be able to transfer them to an address that the legal owner controls.
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trustworthiness of the land registration system and less red tape as most important 
economic advantages. While these advantages may be substantial in countries with 
less developed title registers, in countries with well-functioning title registers low 
speed, lacking trust and red tape are of only minor relevance, if at all. To admit, 
completing transactions of real estate may take weeks and months even in Austria, 
but hardly ever there exists any ambiguity on who has what rights in a parcel of 
land. And high frequencies of subsequent transactions of rights in real estate are too 
rare to produce a relevant problem.

Sometimes redundancy of title searches is added as an economic advantage, but 
this is more a difference between deed recordation and title registration and not so 
much between blockchain and standard ledger technologies.

In summary, bringing title registers to the blockchain by tokenizing rights in real 
estate produces economic advantages that justify the transition costs and the risk of 
failures in setting up a well-functioning system only in countries which so far lack 
a reliable title register. In countries that already benefit from efficient title registers, 
blockchain is not a technology that may bring about substantial improvements in 
real estate.

5 � Conclusions

The central and most general insight of this chapter is that one should be very clear 
about what is meant by calls for moving land registers to a blockchain. Both the 
existing forms of land registration and the modes of representing them on a block-
chain exhibit far too many different variations to measure all of them by the same 
yardstick. Such care is often lacking in the popular literature stemming from block-
chain enthusiasts. The confusion becomes even larger when trading shares of a real 
estate investment trust on a blockchain is labeled as putting real estate ownership to 
the blockchain. We clearly separate the two approaches.

We also stress that one should distinguish between the digitizing land registers, 
anchoring a digitized land register to a blockchain, and implementing land registers 
on a blockchain. All three have their own virtues and some become relevant only if 
one combines two of these approaches. Digitizing registers has per se nothing to do 
with blockchains but is of course a prerequisite for anchoring a register to a block-
chain. In addition, anchoring the digital register in a blockchain may be a precondi-
tion for making digitization worthwhile because it makes the digital register 
immutable, while pure digitization may even entail an increased risk of posterior 
mutations of the content of the register. Effective safeguard against ex-post altera-
tions of the register is a relevant argument only in jurisdictions where such altera-
tions are a relevant threat—or where they may become a relevant threat after 
digitization.

The main thrust of the chapter has been on recordation of deeds in a blockchain 
and on tokenization of rights in real estate. They are the two approaches to really get 
land registration on blockchains and thereby extract economic benefits.

G. von Wangenheim



121

The former may substantially facilitate title search in the very long run, but here 
exactly lies the problem: which blockchain has a long enough life expectancy? If the 
answer is: private blockchains run by government, then immutability becomes at 
least debatable and it becomes thus hard to argue why such a private blockchains 
should have any advantages over any other digitized register run by the same author-
ity. Only if the blockchain is run by a consortium of registration authorities, trust in 
the register will increase by blockchaining the register.

Tokenization of rights in real estate may be a viable alternative to existing paper-
based or digitized title registers. That requires proof of authority as the consensus 
mechanism of the underlying blockchain. In addition, nearly all possible legal rights 
in real estate should be covered by tokenization. Still, tokenization requires an 
active role of registration authorities and the court system, and it requires their 
benevolence, however to a lesser degree than registers without tokenization. Two 
functions of the registration authorities and the courts are essential. On the one 
hand, only they can clearly define token-represented property rights and guarantee 
their enforcement outside the blockchain. On the other hand, immutability of 
blockchain-based registers necessitates the possibility to transfer tokens without or 
against the will of the token owner to correct legally false information in the block-
chain. Only a carefully selected combination of the registration authorities and the 
courts, probably of several jurisdictions combined, should be able to perform 
this task.

Even if all these conditions for making tokenization a viable alternative are met, 
the use of blockchains in land registration seems to be of very limited merit in juris-
dictions with an efficient system. However, there are less efficient systems. And 
blockchainization of land registers may go beyond the mere transition of an existing 
system to a blockchain. Once this transition is underway, substantive changes to the 
system itself may become possible, as was the case in Georgia where a completely 
ineffective land registration system was at least partly turned into a functioning 
system under the disguise of blockchainization.
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1 � Introduction: Blockchain and Land Registration, 
Opposites Attract

Few things seem so opposite to each other as the highly innovative blockchain tech-
nology—speaking in terms like blocks, hashes, mining, bitcoin and ethereum—and 
the ancient land registration sector, in which one traditionally feels thrown back into 
the pre-digital era. However, for some believers this unlikely pair might be on its 
way to form one of the world’s new power couples, given the fact that blockchain 
technology is, at its heart, a registration technology. This idea first emerged a couple 
of years ago and in the meantime countries ranging from the Netherlands over 
Sweden to Georgia have been experimenting with blockchain technology in land 
registration.

This contribution aims at analyzing blockchain technology in land registration 
matters from a material legal point of view. First, some blockchain land registration 
initiatives are discussed. Second, the possibilities of blockchain technology for land 
registration are evaluated on the basis of two variables: the lacunar or complete 
nature of a land register and its negative or positive nature. In doing so, Belgian, 
French and German law will be taken into account, offering a thorough civil law 
perspective on the matter.

Various issues remain outside the scope of application of this paper. Firstly, I will 
only focus on existing well-functioning and trustworthy land registers and the pos-
sible meaning of blockchain technology for these systems. The meaning of the 
blockchain for land registration in developing countries thus falls outside the scope 
of this paper. Secondly, the technical aspects of blockchain technology are dis-
cussed in other contributions in this book. I will therefore not repeat them in this 
contribution.

2 � Blockchain Technology and Land Registration

2.1 � Blockchain Land Registration: Some Initiatives

A lot has been going on in the land registration world as far as blockchain technol-
ogy is concerned. A wide range of countries all over the world have been experi-
menting with blockchain applications for land registration purposes. The objective 
of this part is to briefly discuss (some of) these initiatives and highlight the particu-
larities of each project.

One of the general motives for the authorities to introduce blockchain land reg-
isters is the fact that a blockchain land register increases the speed of registration: 
whereas in a classical system, days may pass between the agreement itself and the 
registration thereof. Blockchain registers make it possible to proceed quasi-
immediately to registration. However, this speed could also be generated through 
other measures of digitalization (cf. infra). Other motives are: connecting various 
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registers to each other, lower transaction costs—although the blockchain technol-
ogy must be paid, of course—, e-government objectives, a lower threshold for par-
ties to participate in the market, etc. Again, however, one must wonder whether 
these advantages cannot also be achieved by means of other technologies than 
blockchain technology. This question will be touched upon again below (cf. infra).

A first interesting project is the Chromaway pilot project in Sweden (https://
chromaway.com). The Swedish land register (Landmäteriet) considered its own sys-
tem too slow, incomplete and outdated. The Landmäteriet has therefore engaged a 
couple of IT firms (ChromaWay, Telia and Kairos Future) to further enhance the 
digitalisation of the land register, on the basis of blockchain technology. 
Landhypothek Bank and SBAB! joined the project in August 2016. As the report on 
the project clarifies: “Blockchain technology provides the opportunity to solve 
many of these issues with a modern IT infrastructure that Landmäteriet wants to 
investigate.”

The IT firms have created a blockchain that makes it possible for private parties 
to transfer real estate to each other through digital applications (apps). In fact, the 
entire sale process, including the obtaining of a credit, is made digital. However, 
Landmäteriet will still play an important role, as it is the authority guaranteeing that 
a digital code in the blockchain truly represents real estate in the physical world and 
managing the apps and the blockchain. The current register of Landmäteriet will 
also be maintained connected to the blockchain. A nice demo of the new system can 
be tried on the Chromaway website.

Nowadays, however, this project seems to have been interrupted. No further 
information on its development is available.

A second project I wish to talk of here is the Bitfury project in Georgia (the 
Republic, not the American state) (http://bitfury.com/). Georgia has engaged Bitfury, 
a blockchain and IT company, to create a blockchain land register for Georgia, in 
which land titles need to be registered. This register is privately administrated by the 
Georgian National Agency of Public Registry (NAPR) and integrated in its own 
registers. Nowadays, it functions well in practice.

The Republic of Georgia is so pleased by the result that it has in the meantime 
signed a Memorandum of Understanding with Bitfury to apply blockchain technol-
ogy in other parts of its administration, too. In general, Bitfury is very positive and 
optimistic about its technology to be used in other land registry issues as well.

Thirdly, the Bitland project that is going on in Ghana should be mentioned (www.
bitland.world). Bitland is a non-profit organization that is trying to establish a land 
register in Ghana—where government land registers are not at all up-to-date and 
corruption is a major problem—that is entirely based on blockchain technology and 
is accessible through mobile devices. This happens in cooperation with the Ghana 
Land Commission. The objective is not only to enhance the land management, land 
circulation and real credit market and help solving land disputes, but also to avoid 
corrupt government interventions, fraud and real estate bubbles. In 2016, it had its 
test project running in 28 communities in Ghana and the first results are positive. At 
the same time, Bitland develops educational initiatives that enable people to get 
involved in the digitalizing society. In the future, Bitland hopes to expand its project 
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to other Ghanese communities and even to the entire African continent, with eight 
‘ambassadors’ conducting scouting missions in other countries in 2016.

Other countries, such as Estonia, the United Kingdom, India and Honduras, are 
also working on blockchain technology in land registration matters, but it is 
impossible to cover them all in this contribution (Lemieux, 2017, pp. 392–393, 
397 ff.; Nogueroles Peiró & Martinez García, 2017, pp. 317–318).

2.2 � Blockchain Technology in Land Registration Matters: 
An Evaluation

2.2.1 � Introduction

Having all the above-mentioned initiatives in mind, one is enclined to hold for true 
that the future of land registration lies in the blockchain technology. This might very 
well be true, but it should not be taken for granted without any further research. The 
quintessential question is if and, if yes, how blockchain technology can contribute 
to land registration. This forms the topic of the remainder of this paper.

The possibilities of blockchain technology for land registration will be evaluated 
on the basis of two variables. I have therefore selected two essential pairs of charac-
teristics of existing land registration systems and will analyse the impact of block-
chain technology on each of these characteristics. The two pairs are the complete or 
lacunar nature of a register and its positive or negative nature.

2.2.2 � Complete v. Lacunar Land Registration Systems

A first characteristic of land registers’ is their ambition as to the information they 
want to provide: is it their aim to provide all relevant information on land (complete) 
or do they limit their information to certain aspects, i.e. rights and transactions, that 
are deemed more important than others (lacunar)?

The standard example of a complete register is the German Grundbuch: 
Vollständigkeit is an important goal of this register (Bauer & von Oefele, 2013, p. 2, 
see also pp. 8–24). The Grundbuch really has the aspiration of containing all legal 
information on real estate that it considers important to publish. The Belgian land 
register, by contrast, is more lacunar: it does not pretend that it contains all relevant 
transactions concerning real estates (De Page, 1957b, nr. 960 ff., pp. 723–728). As 
such, to name the most famous lacuna, only transfers of rights intra vivos need to be 
published: transfers causa mortis need no publication in the land register (art. 1 of 
the Belgian Mortgage Act, a contrario). This flaw in particular has been heavily 
criticised in the Belgian legal doctrine ever since the establishment of the land reg-
ister in 1851. Various attempts have been made in the last few decades alone to 
remedy this flaw, one in 1994–1985 and one in 1991–1992, but both failed (Jacobs, 
Michiels, & Van der Meersch, 1997, p. 21). In France, however, an attempt to make 
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the land register more complete has succeeded partially in 19351 and definitively 
and integrally in 19552: since 1955, all transfers causa mortis of real estates must be 
ascertained by a notarial certificate and need to be published in the land register.

Nevertheless, it must be kept in mind that even a complete land register like the 
German Grundbuch is not entirely complete in the literal meaning of the word. 
Even in Germany, not all encumbrances of real estate need publicity in the land 
register. To give an example: the Grundbuch only concerns private legal information 
and no public legal information; öffentrechtliche Lasten are not mentioned in the 
Grundbuch (see also § 54 Grundbuchordnung (GBO)). Thus, one may not interpret 
‘vollständig’ too literally.

The lacunar or complete nature of an existing land register has some important 
consequences for the possibility of blockchain land registration. These are discussed 
in the following paragraphs.

Firstly, it is practically impossible or at least very hard to turn an existing lacunar 
register into a blockchain register. This is related with the question how to create the 
so-called ‘Genesis block’. The Genesis block is the very first block in the block-
chain that contains all the information up to that point. For a land registration block-
chain, this means that if one wants to turn an existing land register into a blockchain, 
the Genesis block needs to contain all information from that land register (Vos, 
2016, pp. 20–21). In a lacunar land register, however, it is never sure that the land 
register mirrors the reality at the moment the Genesis block is created: due to the 
lacunar nature, it is possible that transactions and/or events have occurred—and 
changed reality—that have not been registered in the land register. This disparity 
makes it practically impossible to turn an existing lacunar land register into a block-
chain register (Vos, 2016, p. 14, 23).

One possible solution for this problem could be to turn other registers, such as 
the Belgian cadaster, also in a blockchain and combine the various blockchain reg-
isters with each other. Nevertheless, it is clear that lacunar land registers create an 
additional problem to proceed to a blockchain land register.

Secondly, it must be questioned how a blockchain system without a trusted third 
party, i.e. the state authorities, could replace existing land registers in which state 
authorities have such an important role to play. Let me clarify this with an example. 
Person X has a public key in the blockchain land register and according to the 
blockchain, an apartment in Brussels is connected to that key. Sadly, person X dies 
and his heir is his only son Y. Son Y now becomes the owner of the apartment and 
he wishes to sell it. Of course, this transfer will need to be put in the blockchain in 
order to be effective (German law) or to be opposable to certain third parties 
(Belgium and France). A big problem arises then: son Y does not have access to the 
public key of his father, because he cannot use his father’s private key. Nevertheless, 
he needs that access to sign the transfer in the blockchain. Unfortunately, the block-

1 Decree of 30 October 1935 modifying the publicity regime.
2 Decree nr. 55-22 of 4 Januari 1995 holding the reform of the immovable publicity, Journal 
Officiel de la République Française 7-1-1955.
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chain will not allow that and the transfer will be impossible. One way or another, 
son Y needs access to the key of father X.

This is a problem for both lacunar and complete land registers, although the 
problem will be more apparent in lacunar registers. If a person acquires real estate 
on the basis of the law and not on the basis of a transaction, e.g. on the basis of suc-
cession, a mismatch arises between the reality and the blockchain land register. One 
way or another, the blockchain land register needs to be corrected, but this requires 
the cooperation of the person to whose public key the real estate is connected. 
Various solutions for this practical problem in case of blockchain registers can be 
imagined.

One thing is clear: someone will need to have access to the public key of father 
X, in order to make a transfer of the connected real estate possible. It would be easy 
if son Y would simply have access to this key: we could imagine him inheriting it. 
In order to prevent fraud, however, for instance in case other heirs exist, it seems a 
bad idea to simply grant access to the public key to another person, albeit an heir. 
This access would need to be carefully checked by a competent authority: this com-
petent authority could subsequently connect the identity of son Y to the public key 
of his father X. Another solution is that when a person dies, his public key becomes 
administered by a competent official authority who subsequently transfers the real 
estate package to the public key of the heir. In both cases, official intervention is 
needed, which I elaborate upon below (cf. infra). Another solution could be the 
creation of a special kind of injunction, that complies the person to whose public 
key the real estate is connected to transfer it. Nevertheless, this solution requires that 
that person is alive and can be reached, which is not guaranteed. It is therefore better 
to stick to the previous solution.

Thus, it is clear that one must have considerable reserve towards turning existing 
well-functioning and trustworthy land registers into blockchain registers. First, I 
have demonstrated how this is very hard for existing lacunar land registers. Second, 
in both a lacunar and complete blockchain land register, in some cases someone will 
need to grant access to the public key of the predecessor in title to the successor in 
title. One thing has become clear in this respect: we need a central authority capable 
of giving access of the public key of one person to another person, in case that first 
person is not capable anymore of transferring the real estate package in the block-
chain to the new person who is entitled to it, for instance on the basis of inheritance 
law. Because in a lacunar register more disparities can arise between the real life 
titular and the registered titular of real estate, all this is even more troublesome in 
lacunar registers.

2.2.3 � Positive v. Negative Land Registration Systems

The notions ‘positive nature’ and ‘negative nature’ of land registers have everything 
to do with the presumption concerning the correctness of the published information 
that a land registration system creates and the subsequent protection of third parties 
de bona fide. Essentially, negative publicity does not guarantee that the information 
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is correct, whereas positive publicity does create this presumption. A negative sys-
tem only guarantees that all information that is not published, despite an obligation 
thereto, does not exist/is not opposable to third parties de bona fide (Grziwotz, 
Keukenschrijver, & Ring, 2016, § 892, nr. 2; Storme, 1997–1998, pp. 1175–1176; 
von Staudinger, Gursky, Gutzeit, Kutter, & Seiler, 2012, § 892, nr. 4). However, no 
guarantee about the validity of the provided information is given and a third party 
may by no means trust that an act is valid, because it is published. Thus, the Belgian 
and—in principle—French land registration systems are both negative systems: 
publicity of a particular act means nothing as to the validity of that act in respect of 
third parties. “La publicité ne purge pas l’acte de ses vices” (De Page, 1957a, n° 
1055; Sagaert, 2014, 728 ff.). If that act is annulled on a later moment in time, even 
after a third party has acquired rights on the real estate, then that act is also null 
towards that third party—at least, in principle—, who suddenly appears to have 
acquired a good from someone who was not the owner—which is necessary for a 
valid transfer of ownership, we call this the ‘chain of owners’—and thus loses the 
real estate due to the nemo plus iuris-principle (“Nemo plus juris transferre potest, 
quam ipse habet”) (Byttebier, 2005, nr. 639 ff.; De Page, 1957b, pp.  395–396; 
Sagaert, 2014, p. 707, 729; Stranart & Alter, 2002, p. 493).

A positive publicity system, by contrast, goes further than only this negative 
guarantee—which it also gives (!)—: a positive system also guarantees the validity 
of an act—i.e. a previous act—on the moment the register is consulted, it creates 
öffentliche Glaube. A positive system, for instance the German Grundbuch, creates 
the presumption that a published act concerning a real right—i.e. the Eintragung of 
a Einigung—is valid and that the Grundbuch is correct (§ 891 BGB, 
Vermutungswirkung) and when a third party de bona fide acquires that real right, the 
validity of the previous act cannot be discussed anymore (§§ 892–893 BGB). “Der 
Inhalt des Grundbuchs gilt als richtig.” (Wilhelm, 2016, p. 321) Thus, the German 
publicity system creates more than a mere negative guarantee, it also creates a posi-
tive guarantee. Thus it is more protective towards third parties de bona fide 
(Vertrauensschutz) and thus towards the free circulation of real estate, which was its 
explicit aim (Verkehrsschutz) (Hager, 1990, pp.  2–3; Lutter, 1964, p.  124; von 
Staudinger et al., 2012, § 892, nr. 7; Wiegand, 1978, p. 145). This absolutely does 
not mean that the Grundbuch is always correct—hence the possibilities of 
Berichtigung and Widerspruch—, but it does mean that it provides third parties de 
bona fide with protection against mistakes in the Grundbuch, i.e. situations in which 
the true state of affairs is not mirrored by the Grundbuch.

It is important to see how positive publicity in principle implies negative public-
ity: the validity of acts and the correctness of a register can only be logically guar-
anteed (positive), if that register also guarantees that all information that is not 
published, despite an obligation to do so, cannot harm third parties (negative).

Nevertheless, some exceptions must be mentioned in respect to positive systems. 
Firstly, even in German law, some exceptions exist in which the publicity in the 
Grundbuch has only negative effect, for instance as far as relative 
Verfügungsbeschränkungen are concerned: these can only harm third parties if pub-
lished, but publicity has no effect whatsoever as to their validity (Fehrenbacher, 
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2004, p.  251, 260; Grziwotz et  al., 2016, § 892, nr. 3; Medicus, 2001, p.  295; 
Wiegand, 1975, p. 207; Wilhelm, 2016, p. 321, 339, 342). Secondly, third parties de 
bona fide cannot rely on all information in the Grundbuch: the öffentliche Glaube is 
not extended towards mere facts, e.g. the exact surface of a plot of land, and, more 
importantly, it only concerns the rights of parties on a certain good and not, for 
instance, their capacity to conclude contracts (Geschäftsfähigkeit), for this is not a 
part of the information in the Grundbuch (von Staudinger et al., 2012, § 892, nr. 67; 
Westermann, 1963, p. 2; Wiegand, 1975, p. 207). So even in German law, with its 
extensive third party protection rules, it remains possible that a third party de bona 
fides acquires real estate from the person who is marked as Berechtigter in the 
Grundbuch, but subsequently loses that real estate again, for that Berechtigter after-
wards appears to have been incapable of concluding contracts. After all, the 
Grundbuch does not guarantee the validity of the own legal act. Thirdly, öffentliche 
Glaube in the Grundbuch neither protects a third party who has acquired real estate 
in a different way than through a contract, e.g. through inheritance (von Staudinger 
et al., 2012, § 892, nr. 81–86 (Erwerb kraft Gesetzes); Westermann, Westermann, 
Gursky, & Eickmann, 2011, p.  713; Wieling, 1992, p.  269; Wilhelm, 2016, 
pp. 343–344). Fourthly, only third parties de bona fide can invoke the protection in 
German law: third parties de mala fide are not protected (von Staudinger et  al., 
2012, § 892, nr. 140 ff.; Westermann et al., 2011, 711 ff.; Wieling, 1992, p. 272; 
Wilhelm, 2016, 349 ff).

A final remark concerning French law must be made here. In principle, the 
French land register is also an example of a negative system. However, French case 
law and doctrine have developed the theory of the propriété apparente, in which 
publicity in the land register receives a more positive effect towards third parties de 
bona fide (Algiu, 1912, 67 ff.; Boudot, 2003, pp.  13–14; Danis-Fatôme, 2004, 
pp. 36–124; Leroux RTDC) integral; (Loniewski, 1905, p. 37; Milliet, 1901) inte-
graal; (Rabagny, 2001, pp. 963–983, 993 ff.; Vouin, 1939, pp. 401–404). This inter-
esting evolution falls, however, outside the scope of this contribution.

The distinction between negative and positive land registers is also relevant for 
blockchain land registration, because it teaches us that one of the key features of 
traditional blockchain technology, namely that the information in the blockchain is 
at all times correct and that third parties can trust on that feature, cannot be applied 
in blockchain land registration. In fact, a blockchain land register is full-fledged 
positive: it protects third acquirers of real estate in the most absolute way by guar-
anteeing them that the information in the blockchain is at all times correct. Most 
land registers, by contrast, are not fully positive.

After all, one of the essential characteristics of a traditional blockchain is its non-
reversibility. If a transaction in the blockchain is non-reversible, the acquirer of the 
real estate will always be protected by the blockchain in his position towards the 
real estate. This feature is, however, hardly reconcilable with the needs of a negative 
and even a positive land register. In both a negative and positive land register, it is 
possible that a certain transaction that was registered in the register is reversed. In 
fact, this means that the blockchain becomes wrong, in the sense that it does no cor-
rectly reflect reality, despite its aim to be correct at all times (Lemieux, 2017, 
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p.  418). However, solutions to this problem exist, although some creativity is 
required. Some examples will clarify this solution.

First, let us look at an example where no third party is involved. A sells his house 
to B and this is registered in the blockchain. Afterwards, however, the sale is 
annulled and B is obliged to give the house back to A. Thus the first transaction must 
be reversed. Vos argues that this might be done by adjusting the blockchain: he sug-
gests that a land register blockchain could be a privately administered one—pri-
vately in the sense of overseen by an authority—in which reversing transactions is 
a possibility (Vos, 2016, p. 17). Another solution could be publishing the court deci-
sion reversing a real estate transaction in the blockchain (Vos, 2016, p. 17, footnote 
53). A third solution could be the following: the required change in the blockchain 
register could be operated through a court injunction obliging B himself to retrans-
fer the real estate to A. Instead of reversing the transaction, a new transaction takes 
place which functionally reverses the previous one.

The same solution could be operated in the second example. A sells his house to 
B, B sells it on to C and afterwards, the sale agreement between A and B is declared 
null and void. Depending on the substantial law of the legal system, C is protected 
or not by the fact that he trusted the blockchain register. In a negative system, he is 
not protected, whereas in a positive system, he is protected. If, however, the problem 
would occur between B and C—B appears to be incapable of concluding a sales 
contract, for instance—a positive system will not protect C, either. In both cases, the 
latest transaction between B and C could need to be reversed and in a negative sys-
tem, the transaction between A and B could also need to be reversed. All these 
changes could be operated in the same way as mentioned above, i.e. by issuing an 
injunction to C and/or B to retransfer the real estate to A.

Nevertheless, this last solution requires the cooperation of the counterparty. This 
cooperation could, despite legal means forcing people to perform an action, be very 
hard to acquire. What if, for instance, the counterparty has died in the meantime? Or 
what if he has moved to a country with which hardly any bilateral international 
agreements exist (Thomas, 2017, p. 383)?

It is therefore better to apply the same solution that was suggested above with 
regard to the lacunar nature of the land register: the introduction of a central author-
ity that has the power to adjust the blockchain land register. This party would have 
the power to correct the blockchain by transferring real estate back to an original 
titular of a right on it, for instance in case of a court injunction as mentioned in the 
previous paragraph. The party obtaining such injunction could take it then to that 
central authority, who has the power to adjust the blockchain accordingly.

2.2.4 � The Reintroduction of a Central Authority

We will now take a closer look at the central authority that is mentioned in the previ-
ous paragraphs. This need for a central authority to exist is, indeed, at odds with one 
very important characteristic of blockchain technology: the classical public block-
chain is a decentralized system in which no central authority has a role to play. 
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However, this is not necessarily a problem for the application of the blockchain 
technology: it is technologically perfectly possible to establish a blockchain that is 
governed by a central authority: this is precisely what is called a private or hybrid 
blockchains. As far as I am concerned, this is even the only way that blockchain 
technology could practically be applied in land registration.

Moreover, this central authority could be the ‘manager’ of the blockchain, i.e. the 
party who sets up the blockchain and governs it. In this respect, this central govern-
ing authority can decide who is granted membership of the blockchain—i.e. transfer 
real estate—, who can read the information in the blockchain, under which condi-
tions this happens—e.g. connection of the public key with an e-ID—, who can add 
blocks to the blockchain, how the blockchain will be technologically managed, etc. 
Finally, such central authority could also play a role in the correction of blockchain 
registers, in case these do not correspond anymore with reality. One thing is clear: a 
blockchain land register must take the form of a private or hybrid blockchain, with 
the state authorities maintaining an overriding power.

A very practical idea in this respect could be to set up a blockchain that is gov-
erned by the existing land register, that possesses a node, but in which all civil law 
notaries also possess a node and thus mine information. Such blockchain would 
constitute a hybrid blockchain, with only a limited number of managing members, 
but with the possibility for all citizens to become ‘ordinary members’. The mining 
could be rewarded by a small retribution that must be paid by all people wishing to 
put information in the blockchain.

Every private party that wants to transfer a package through his public key to 
another private party could have direct access to the blockchain, either with or with-
out assistance of a notary—in the demo of the Swedish blockchain register, this is 
called ‘inviting a party to the transaction’—, but without having his computer as a 
node. In addition, a particular authority maintains an ‘overriding’ access, which 
makes it possible to grant access to a public key of, for instance, a deceased person 
to his rightful heir. Of course, this would mean that all members of the blockchain 
need to trust the central authority.

However, all this is just one idea. As the technologic possibilities for setting up a 
blockchain register are countless, many more practical models could be thought of.

2.2.5 � Is Blockchain Technology Really Required?

The fact that traditional blockchain technology needs to be adapted by reintroduc-
ing a central authority in order to fit land registration needs leads to a further ques-
tion. This question is whether blockchain technology is really the best suited 
technology to make important efficiency gains in land registration matters.

After all, blockchain technology does not only offer advantages. It also comes 
with some important disadvantages: it is new, so people do not exactly know how to 
operate it yet, which renders it risky from a technological point of view, it is highly 
energy-consuming, which renders it costly, it is, like other technologies, vulnerable 
to hacking and bugs, etc. (Lemieux, 2017, 435 ff.; Verheye et al., 2018, pp. 21–22). 
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Given the fact that one of its main advantages, its decentralized nature, gets lost in 
a land registration application, one must wonder whether other technologies, i.e. 
centralized, are technologies not better suited for land registration. The Belgian land 
register, for instance, could benefit more on the short to medium-long run from 
further digitalization of its historic records and centralization of the various registers 
than from an application of blockchain technology. Undoubtedly, this is true for 
other national land registration systems as well.

Blockchain technology must never be a goal in itself for land registration. It is 
my firm conviction that it should only be used when we are absolutely sure that (1) 
it leads better results than the existing land registration system and (2) the same bet-
ter results cannot be achieved by other technologies that are cheaper, better estab-
lished or safer. These issues need to be thoroughly studied for all blockchain land 
registration projects in the future.

3 � Conclusion: Blockchain Land Registration

Blockchain technology appears to be capable of playing an important role for land 
registration. Nevertheless, land registration shows some particularities that need to 
be fully taken into account in order for blockchain technology to be apt to play a 
useful role in this respect. Therefore, a land registration blockchain should be devel-
oped in a particular way.

A completely decentralized blockchain land register—a blockchain in the strict 
sense of the word—seems neither possible nor desirable for land registration pur-
poses. It must be possible for a central authority to grant access to a public key to 
another party, in order to avoid situations in which a public key is inaccessible due 
to the incapability of the titular of that public key to transfer real estate, for instance 
because that titular is deceased. Furthermore, this central authority can also play a 
role in adjusting the blockchain land register when it does not correctly represent 
legal reality anymore. Additionally, this central authority could also be the ‘man-
ager’ of the blockchain.

Admittedly, this central authority is at odds with the decentralized nature of the 
blockchain. This is, however, to my opinion, the only option to develop a blockchain 
register that functions as well as the classic land registers. Some blockchain propo-
nents could very well object that the reintroduction of a central authority denatur-
ates blockchain technology. For these proponents, the essence of a blockchain is 
precisely that no central authority is involved anymore or that as many nodes are 
constructed as possible or that anybody can perform the mining. To my opinion, 
however, it is neither possible nor desirable to construct such ‘true’ blockchain for 
land registration matters.

All factors taken into account, I believe that blockchain technology is not as 
disruptive for land registration as some people want us to believe (Barbieri & 
Gassen, 2017, p. 12; Lemieux, 2017, pp. 439–440; Nogueroles Peiró & Martinez 
García, 2017, pp. 318–320; Thomas, 2017, pp. 389–391; Vos, 2016, p. 23). I like to 
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compare this to the modernization of the land register in Belgium in 2001: from that 
year onwards, it was not required anymore that all deeds were copied by hand, for a 
scanning system and digital register were established. Nobody, however, described 
these changes as disruptive. They were merely considered as a modernization of the 
existing register, but by no means a revolution.

Blockchain technology could very well be the next step in the modernization of 
land registration systems. It is, however, only a specific form of blockchain 
technology that could do so, a form in which a central authority still plays an impor-
tant role and in which all particular sensitivities of land registration and property 
law are taken into account.

Given this limited impact of blockchain technology on land registration, one 
must absolutely dare to ask one very important question: is blockchain technology 
really necessary to achieve the above-mentioned modernization? Other technologi-
cal solutions might very well be able to achieve the same or even a better result with 
less costs, risks, or disadvantages. Only if this last question is answered affirma-
tively for a national land registration system, it becomes useful to consider block-
chain technology as a valuable means of modernization of that particular system.
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Selling LAND in Decentraland: 
The Regime of Non-fungible Tokens 
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Abstract  Rewind to the early 1990s: an infant World Wide Web recently created 
by Tim Berners-Lee was starting to redefine the way people were connected glob-
ally. First came communication services (e.g. e-mail) and a shift from physical to 
digital marketplaces (e.g. ecommerce). Then came the rise of Internet platforms, in 
what is now deemed to be Web 2.0. The critics of Web 2.0 claim it is a spoiled ver-
sion of early Internet promises: freedom from surveillance, online safety (even 
through anonymity)—in a nutshell, more control and power for the user. The answer 
to the problems of Web 2.0 is thought to be the third era of the Internet, namely the 
Decentralized Internet, based on (among others) blockchain technology. While a lot 
of literature has focused on the legal implications of blockchain assets such as cryp-
tocurrencies from a banking perspective, not the same can be said about the con-
sumer protection angle necessary in tackling the hype that has affected users who 
spent valuable financial resources on investing, playing on or using blockchain-
based platforms. This chapter aims to make a contribution to fill this research gap, 
and focus on Decentraland, a virtual world where LAND, a non-fungible token is 
traded in order to allow users to build their own spaces on these plots. In doing so, 
the chapter elaborates on the notion of Internet of Value, and looks at the inner wor-
kins of Decentraland from the perspective of European law, more specifically the 
Digital Content Directive.
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1 � Introduction

Rewind to the early 1990s: an infant World Wide Web recently created by Tim 
Berners-Lee was starting to redefine the way people were connected globally. First 
came communication services (e.g. e-mail) and a shift from physical to digital mar-
ketplaces (e.g. ecommerce). Then came the rise of Internet platforms, in what is 
now deemed to be Web 2.0—prosumers generate content on social media platforms 
such as Youtube, Facebook, Instagram (e.g. social media), or offer their individual 
services on peer-to-peer or gig platforms such as Uber, AirBnB or Taskrabbit. These 
developments have been both lauded and criticized. On the one hand, the Internet as 
we know it dissolved geographic distances, created new industries, facilitated the 
distribution of goods of services and empowered individual employment. On the 
other hand, it gave rise to new questions about what is real and what is fake: what to 
do if someone posts fake reviews; who to hold accountable for fake news; how to 
prevent a new wave of labour exploitation, etc. The critics of Web 2.0 claim it is a 
spoiled version of early Internet promises: freedom from surveillance, online safety 
(even through anonymity)—in a nutshell, more control and power for the user. 
Painful public scandals like the sort of Equifax or Cambridge Analytica make it 
easy to argue that with the rise of data as a commodity, Internet users have indeed 
lost a lot of this control to data brokers, surveillance agencies and hackers.

The answer to the problems of Web 2.0 is thought to be the third era of the 
Internet, namely the Decentralized Internet. Blockchain platforms like Steem are 
used to make decentralized equivalents of a lot of apps we have grown accustomed 
to: DTube instead of Youtube (DTube, n.d.), Graphite Docs instead of Google Docs 
(Graphite, n.d.), or Storj instead of iCloud (Decentralized Cloud Storage—Storj, 
n.d.). The main benefit of decentralization—beyond privacy—is said to be the free-
dom from monopolies held by centralized platforms that now determine, through 
their own intransparent algorithms, who gets to see what information on the web. In 
addition, decentralization proposes a new, trustless constellation of behavioural 
incentives (e.g. Smart Media Tokens, etc.) and communication infrastructure devoid 
of intermediaries.

However, while there might be strong market opportunities to embrace in a new 
Internet era, the law does not move into new ages with the same speed. 
Decentralization has already been occurring, not in terms of communication infra-
structure, but human infrastructures, in the form of individual accessibility: citizen 
reporters are disrupting press, entertainment and advertising services, and gig driv-
ers are replacing taxis. Emerging practical issues are under-regulated, and challenge 
legal systems to determine if their classical paradigms are still fitting: is posting 
fake negative reviews a crime? Are Youtubers professionals or individuals? Do 
Internet platforms have a duty of care towards their users? Moreover, not just public 
institutions, but platforms themselves face a problem of scale, and struggle with 
enforcing legal standards. These are problems that have yet to be solved, which a 
new Internet version might very well inherit. In spite of such concerns, increased 
attention is paid to the technology conjured as the game-changer of Internet 
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architecture: blockchain. Expected to hit over $12 billion in investment by 2022 
(Mearian, 2019), the blockchain-based array of products has significantly expanded 
in the past decade. Since Satoshi Nakamoto’s famous white paper on Bitcoin back 
in 2008 (Nakamoto, 2009), blockchain has matured into an ideology that currently 
fuels more than cryptocurrencies. Or does it?

This chapter focuses on Decentraland as a virtual world where LAND, a non-
fungible token is traded in order to allow users to build their own spaces on these 
plots. This inquiry into Decentraland classifies LAND as digital content, and thus 
asks the question of what compliance issues may arise out of the application of 
Directive 2019/770 (the Digital Content Directive) to Decentraland in general, and 
LAND in particular. While a lot of literature has focused on the legal implications 
of cryptocurrencies from a banking perspective, not the same can be said about the 
consumer protection angle necessary in tackling the hype that has affected users 
who spent valuable financial resources on investing, playing on or using blockchain-
based platforms. This chapter aims to make a contribution to fill this research gap, 
and shed light on some of the considerations which platforms such as Decentraland 
ought to pay close attention to when creating consumer content or services. To this 
end, the chapter is structured as follows. Section 2 addresses the development of 
blockchain products beyond cryptocurrencies and as digital content, under the mon-
iker of Internet of Value. Section 3 describes Decentraland in detail, and explains 
the role of LAND in the platform’s constellation of tools and content. Lastly, Section 
4 explores some of the core tenets of the Digital Content Directive and applies spe-
cific articles to Decentraland’s architecture. Section 5 concludes.

2 � The Internet of Value

The Internet facilitated the creation of virtual communities (Abrahams, 2007; 
Chesney, Chuah, & Hoffmann, 2009; Decentraland, a Virtual World on Open 
Standards, n.d.; Manning, 2019; Sundquist, 2012), from message boards (Hansen, 
Shneiderman, & Smith, 2011b; Lidsky, 2009; Wein, 2001) to gaming (Berger, 
Jucker, & Locher, 2016; Boellstorff, 2015; Karniell & Bates, 2010; Klastrup, 2009; 
Krzywinska, 2006; Malaby, 2011; Pearce, 2011; Taylor, 2009) and social media 
(Garofalo, 2013; Hansen, Shneiderman, & Smith, 2011a, c). The appeal of virtual 
worlds is said to draw on a so-called property of ‘worldness’, which according to 
Klastrup emerges out of ‘the complex interplay between (a) the aesthetics of the 
gameworld as both an actualised explorable and mentally imagined universe; (b) the 
experiences and means of expression the world as a game system and tool allows 
and affords; (c) the social interaction in and about the world’ (Klastrup, 2009). A lot 
of these communities evolved in plain sight, albeit in designated spaces, such as 
game worlds. However, a lot of other communities chose to be more protective of 
their identity and activities, due to a plethora of reasons, such as engaging in illegal 
trade (e.g. the Silk Road marketplace), (Chen, 2011) or supporting social move-
ments against surveillance (e.g. Riseup.net). Cryptography facilitated the veiling of 
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online activities, and communities deploying it for various functions (e.g. identity; 
communication), while building an ideology around the importance of cryptogra-
phy are referred to as cryptocommunities.1

Early on, during the rise of personal computing in the 1980s, when cypherpunks 
like Tim May became public proponents of cryptolibertarianism (Hughes, 1993; 
Popper, 2018), cryptocommunities were mainly using digital technologies for com-
munication purposes. It was during this period that David Chaum tried, albeit 
unsuccessfully, to create digital cash which would allow secure and private currency 
transfers to take place without surveillance from state or commercial entities such 
as banks (Khan, 2016; McCullagh, 2001; Mowbray, 2006). This changed for the 
second generation cryptocommunities, as dark marketplaces such as the Silk Road 
had already started using cryptocurrencies (e.g. Bitcoin) as of early 2011. While the 
Bitcoin White Paper acknowledged the role of the original cryptocurrency as ‘online 
cash’ (Nakamoto, 2009), labelling cryptocurrencies as money is no easy task 
(Adimi, 2018; Alvarez, 2018; Gikay, 2018; Liedel, 2018). For instance, in 2014, the 
Dutch Court of Overijssel analysed the nature of the Bitcoin cryptocurrency, to 
determine whether it may be categorized as ‘money’ under Article 6:112 of the 
Dutch Civil Code.2 The court found that even though in principle this article allowed 
for payment in currencies not originating directly from the state, to be considered 
‘money’, the currency in question must be a legal tender, which was not the case for 
Bitcoin.3

In more recent iterations, cryptocommunities are becoming even more sophisti-
cated in their use of cryptography. With over 1200 types of cryptocurrencies listed 
on Coinmarketcap in 2019, the concept of digital currencies as tech alternatives to 
national currencies designed to eliminate financial intermediation gradually 
morphed into a more general expression of value. This is known as the ‘Internet of 
Value’ (The Internet of Value, 2017; Consultant, 2019) where value is ‘to be 
exchanged as quickly as information’ (The Internet of Value, 2017). IoV entails the 
digitalization of assets such as ‘intellectual and digital properties, equity and 
wealth’, as well as their transfer in an ‘automated, secure, and convenient manner’ 
(Truong, Um, Zhou, & Lee, 2018). Other views expand the asset category also to 
‘likes’ and ‘favourites’, beyond the exchange of money and currencies (Skinner, 
2016), which is made possible due to the creation of an ecosystem of 

1 Catalina Goanta and Marieke Hopman, ‘Cryptocommunities as Legal Orders’  (2020) Internet 
Policy  Review, 9(2), retrieved from  https://policyreview.info/articles/analysis/crypto-communi-
ties-legal-orders. For an expression of the cryptolibertarian ideology on the Silk Road, see for 
instance a forum post by Dread Pirate Roberts, the administrator of the first iteration of the Silk 
Road, about the platform’s goal: ‘Money is a tool, a means to an end. Our end here at Silk Road is 
not the accumulation of money, or the comfort and security it brings (not that there’s anything 
wrong with that). Our end is freedom from tyranny, and secured basic human rights for the people 
of the world. As awesome as it is, Silk Road is just the beginning in what will likely be a long 
journey’, <https://antilop.cc/sr/users/dpr/messages/20110727-0707-625-Re_SilkRoad_Fees.txt>, 
accessed 26 October 2019.
2 Rechtbank Overijssel, 14 May 2014, ECLI:NL:RBOVE:2014:2667.
3 Ibid.
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blockchain-based applications and services facilitated by platforms such as 
Ethereum (Davidson, De Filippi, & Potts, 2018).

Illustrating the wide array of this ecosystem are decentralized applications such 
as Cryptokitties and Decentraland (Ducuing, 2019; Lee, Yoo, & Jang, 2019). In the 
case of a cryptocurrency like Bitcoin, ‘the global log of transactions is jointly main-
tained by users’ computers; distributed cryptography substitutes for centralized 
anti-forgery controls. The supply of Bitcoins is controlled by a function embedded 
in the cryptographic protocols, not by a single authority with the power to confiscate 
them or to make more’ (Grimmelmann, 2014). In the case of both Cryptokitties and 
Decentraland, there is an underlying cryptocurrency (e.g. Ether or ‘MANA’), but 
there is also something more, namely breeding and collecting digital cats as a non-
fungible token (NFT), and buying ‘LAND’ in a virtual world. As the central exam-
ple in this chapter, the latter is elaborated upon in the following section.

3 � Decentraland

This section aims to give the reader an overview of what Decentraland is, how it 
works, and how the law categorizes the various transactions on which this plat-
form rests.

As mentioned above, Decentraland is a virtual world built on the Ethereum 
blockchain. According to the platform, it is ‘owned by its users’, who can ‘[b]uild, 
explore, and earn money from [their] creations’ Decentraland, a Virtual World on 
Open Standards, n.d.). Users can buy LAND (virtual content) using MANA, an 
ERC-20 token designed and used exclusively on Ethereum Decentraland, a Virtual 
World on Open Standards, n.d.), in this case to power the economy of the virtual 
world as a currency (Casper, 2018; Song, Chang, & Song, 2019; William, 2018). 
MANA was generated through an ‘initial coin offering in August of 2017 and raised 
approximately $24 million worth of ETH, BTC, and other cryptocurrencies’ 
(Buchko, 2018). Forty percent of the initial supply of MANA (a total of 
2,644,403,343) was sold in the initial coin offering, with an additional 20% distrib-
uted to the community and partners, 20% to the founding team and 20% to the 
Decentraland foundation (Buchko, 2018). Users were then able to purchase LAND 
during two auctions, in December 2018 and December 2018, and once the pur-
chases were made, the MANA spent on them ‘was burned, meaning that the tokens 
were either deleted or sent to an empty, irretrievable address’ (Buchko, 2018). In 
addition, users may sell LAND at their discretion. But what exactly is LAND? The 
present section tackles this question by looking into the Terms of Service and the 
Content Policy of Decentraland.

According to the Terms of Service, LAND parcels ‘are intangible digital assets 
that exist only by virtue of the ownership record maintained in the Ethereum net-
work. All smart contracts are conducted and occur on the decentralized ledger 
within the Ethereum platform. The Curator has no control over and makes no 
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guarantees or promises with respect to the ownership record or smart contracts’.4 
The Curator is Metaverse Holdings Ltd., the company behind Decentraland, that 
provides platform users with the following ‘Tools’: the DCL (Decentraland) Client, 
the SDK (Software Development Kit) 5.0, the Marketplace, the Land Manager, the 
Command Line Interface, Agora, ‘as well as any other features, tools and/or materi-
als offered’ by the Curator.5 More technically, LAND is an ERC-721 token that 
associates ‘each LANd parcel’s x and y coordinates with a definition of a parcel’s 
3D scene that makes up the larger metaverse’,6 and LAND parcels ‘exist only by 
virtue of the ownership record maintained on the Tools’s supporting blockchain in 
the Ethereum network’.7 Moreover, as ‘any transfer of LAND parcel occurs within 
the supporting blockchain in the Ethereum network, and not within the Tools’ 
Decentraland, a Virtual World on Open Standards, n.d.), the Tools mentioned above 
do not ‘store, send, or receive LAND parcels’ (Decentraland, a Virtual World on 
Open Standards, n.d.).

Metaverse Holdings Ltd. claims to not hold any ownership over Decentraland, as 
‘ownership is decentralized on the community’, and the company’s role is only to 
‘make available the Tools and the Site free of charge in order to allow different 
interactions with the Decentraland platform.8 However, according to Article 12.1 of 
the Terms of Service, ‘all title, ownership and Intellectual Property Rights in and to 
the Site and the Tools are owned exclusively by the Curator or its licensors’, and the 
Curator’s exclusive ownership shall include all elements of the Site and Tools, and 
all Intellectual Property Rights therein’.9 These two statements, on the one hand that 
the company behind Decentraland does not own the decentralized virtual world, and 
on the other hand that it safeguards its intellectual property with respect to all the 
possible elements on the platform, including its architecture, are contradictory and 

4 Terms of Service, Article 10.6, (Decentraland, a Virtual World on Open Standards, n.d.). All terms 
of service cited in this chapter were in force in October 2019.
5 (Decentraland, a Virtual World on Open Standards, n.d.), Terms of Service, Article 1.
6 (Decentraland, a Virtual World on Open Standards, n.d.), Terms of Service, Article 5.2.
7 (Decentraland, a Virtual World on Open Standards, n.d.), Terms of Service, Article 5.9.
8 (Decentraland, a Virtual World on Open Standards, n.d.)Terms of Service, Article 1.
9 (Decentraland, a Virtual World on Open Standards, n.d.) The elements of the site are further 
described in Article 12.1 as follows: ‘The visual interfaces, graphics (including, without limitation, 
all art and drawings associated with Tools), design, systems, methods, information, computer code, 
software, ‘look and feel’, organization, compilation of the content, code, data, and all other ele-
ments of the Site and the Tools (collectively, the ‘Curator Materials’) are owned by the Curator, 
and are protected by copyright, trade dress, patent, and trademark laws, international conventions, 
other relevant intellectual property and proprietary rights, and applicable laws.’
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add confusion to the perceived versus real set of rights that users ought to derive out 
of their transactions on Decentraland.10

In addition, the Content Policy is a 1279 word-long framework that details the 
rules applicable to content created by users who contribute to the development of 
the world. By definition, users cannot create LAND, as it is solely generated by the 
Curator, but they can, however, make additional content build on the LAND parcel.

The idea behind the (business) model of world-building is that, just as with the 
case of the Second Life game (Berger et  al., 2016; Boellstorff, 2015; Gallego, 
Bueno, & Noyes, 2016; Locher, Jucker, & Berger, 2015; Malaby, 2011; Marshall, 
2014; Partala, 2011; Shelton, 2010), users would increasingly take control of the 
world. In the case of Decentraland, this would occur not only through user-generated 
content, but also through the fact that this content is not created under the supervi-
sion of the Curator, but rather on the Ethereum blockchain, which entails that the 
Curator does not have any control over the validity of these transactions. The inten-
tion of the Curator is to give users a ‘social experience with an economy driven by 
the existing layers of land ownership and content distribution’, where ‘developers 
will be able to create applications on top of Decentraland, distribute them to other 
users, and monetize them’.11

The development of the platform was created by the Curator in the image of 
human history: it began in 2015 with a so-called ‘Stone Age’, Decentraland was 
nothing more than a 2D grid of pixels running exclusively on web browsers that had 
metadata describing the properties as well as the owner of the pixels. After that 
came the ‘Bronze Age’, launched in 2017, and instead of pixel metadata it started 
storing the full content description (e.g. models and textures for given plots of land) 
in the blockchains themselves. The next steps have been the ‘Iron Age’ and the 
‘Silicon Age’, which users are to experience on the Ethereum blockchain, allowing 
the virtual world to nurture a more sophisticated ecosystem of decentralized apps 
(Dapps) which in-game developers would be able build on Ethereum as well. At the 
moment of writing, the ‘Iron Age’ is still in beta version, and access to the world is 
based on an invitation system R/Decentraland—ETA on Iron Age?, n.d.), with the 
company hosting various events to stimulate developers to generate interesting con-
tent for the world.12

10 Additional conflicts exist between the articles of the Terms of Service and mandatory European 
consumer protection, such as the unfairness of consumer arbitration clauses, like the one in Article 
18.1: ‘If the parties do not reach an agreed upon solution within a period of 30 days from the time 
informal dispute resolution under the Initial Dispute Resolution provision begins, then either party 
may initiate binding arbitration as the sole means to resolve claims, subject to the terms set forth 
below’. See (Engelmann, 2017). The same can be said for the limitation of liability included in e.g. 
Article 4 of the Terms of Service: ‘You and the third party private key manager you select are 
entirely responsible for security related to access of the Tools. The Curator bears no responsibility 
for any breach of security or unauthorized access to your account’.
11 Decentraland, ‘White Paper’ <https://decentraland.org/whitepaper.pdf>.
12 See for instance the Game Jam that took place between 16 and 30 September 2019, a ‘two-week 
online competition to create awesome interactive content that will form part of Decentraland’ 
<https://gamejam.decentraland.org>.
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4 � LAND Under the Digital Content Directive

After understanding how Decentraland works, as well as going through the com-
pany’s perceptions of its rights and obligations, time has come to assess some of the 
features of this virtual world by looking into the applicable law. As a virtual world 
claiming to engage in and facilitate the sale of virtual property, Decentraland poses 
a lot of fascinating questions which have at their core property and intellectual prop-
erty laws. Who owns what in Decentraland? Can the platform claim not to own its 
own world, so that it can propagate the idea that the world is owned by its users? Is 
that claim accurate, namely can individuals or businesses even hold real rights in 
virtual assets? If the answer to this question is in the negative, what is the scope of 
the intellectual property rights held by the Curator, and how do they affect the rights 
users may exercise in the long run on the platform? How are these rights affected by 
the fact that the transactions generating them are based on the Ethereum block-
chain? These are all questions that make Decentraland an interesting case study 
which ought to be given more academic attention. However, the main question this 
chapter endeavors to answer is: is LAND digital content in the meaning of the 
Digital Content Directive, and if so, what are the main features of the legal regime 
applicable to LAND from this perspective?

4.1 � LAND as Digital Content?

The Digital Content Directive was adopted in May 2019 to enhance consumer 
cross-border purchases on the Digital Single Market and to safeguard a high level of 
consumer protection in the process (Hoekstra & Diker-Vanberg, 2019; Lehmann, 
2016; Sein, 2017; Warburton, 2016). The scope of the Directive is laid down in 
Article 1 to include issues dealing with the conformity of digital content or digital 
services; remedies for the lack of conformity; and modifications occurring to digital 
content. The definitions used by the Directive are outlined in the following Article, 
which specifies that digital content is ‘data which are produced and supplied in digi-
tal form’ (Article 2(1)), and digital services are services ‘that allow the consumer to 
create, process store or access data in digital form’, or services that ‘allow the shar-
ing of or any other interaction with data in digital form uploaded or created by the 
consumer or other users of that service’ (Article 2(2)). Illustrations regarding what 
may be considered as digital content are offered in Recital 19 of the Directive’s 
Preamble, and include: ‘computer programmes, applications, video files, audio 
files, music files, digital games, e-books or other e-publications, and also digital 
services which allow the creation of, processing of, accessing or storage of data in 
digital form, including software-as-a-service, such as video and audio sharing and 
other file hosting, word processing or games offered in the cloud computing 
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environment and social media’.13 Just like Second Life, whose developers insist it is 
an open-ended world with no set objective (Kalning, 2007), Decentraland does not 
refer to itself as a game. However, there can be no doubt that Decentraland, as a 
virtual world, is based on digital content (Hoekstra & Diker-Vanberg, 2019; 
Lehmann, 2016; Sein, 2017; Warburton, 2016).14

Decentraland’s sophisticated setup most likely combines digital content as out-
put with digital services offered through its tools (Buchko, 2018), such as Agora, 
where the Curator hosts public consultations where users can vote on questions 
regarding whether parcel sizes should be increased or whether MANA inflation 
should be removed. Another example of a digital service offered by the Curator is 
the Builder, an interactive platform that users can employ to create content on their 
parcels, very much in the fashion of the Sims game series (Kayser, 2006; Lastowka 
& Hunter, 2004; Mistry, 2018). As a digital asset/token generated by the Curator, 
LAND most certainly fulfills the criteria described in the Directive’s definitional 
scope, and can thus be considered as digital content to this end.

The Preamble to the Directive mentions that ‘the legal nature of contracts for the 
supply of digital content or a digital service, and the question of whether such con-
tracts constitute, for instance, a sales, service, rental or sui generis contract, should 
be left to national law’ (Recital 12). In other words, understanding exactly how 
Decentraland functions in the eyes of the law is a matter which can only be thor-
oughly analyzed by looking at a particular jurisdiction. This is important to deter-
mine when and under which circumstances consumers enter into contracts with the 
Curator. Still, to the extent of establishing the applicability of the Digital Content 
Directive to transactions concluded between the Curator and users who act outside 
their craft, trade, business or profession, namely consumers, Decentraland certainly 
falls under the scope of the Directive.

4.2 � What Are the Main Features of the Directive’s Legal 
Regime Applicable to LAND?

This answer will be tackled from three perspectives: (1) the timeliness of the provi-
sion of digital content; (2) the conformity requirements; and (3) the modification of 
the digital content.

Regarding the timeliness of the provision of the contract, Article 5 of the Digital 
Content Directive states that ‘[u]nless the parties have agreed otherwise, the trader 
shall supply the digital content or digital service without undue delay after the 

13 See also Inge Graef, ‘Blurring Boundaries of Consumer Welfare’ in (Bakhoum, Gallego, 
Mackenrodt, & Surblytė-Namavičienė, 2018).
14 In addition, there are considerable questions relating to private international law and the applica-
bility of European consumer protection to international services. However, it is generally accepted 
that if providers of digital content or services target European consumers, they must abide by 
European consumer protection standards.
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conclusion of the contract.’ This is a highly relevant point for virtual projects which 
require an extensive time for development. As it has been shown above, Decentraland 
was launched in 2015, and has undergone significant changes ever since. As they 
become more sophisticated, these changes bring with them the uncertainty of when 
the world will be a finished product, or at least when it will reach a development 
stage where all LAND acquirers from the initial auctions will be able to exercise the 
rights attached to their purchase of this digital content, such as the transfer or further 
development of the plots of LAND. Threads on the Decentraland Reddit show that 
users report still not having access to the world, even years after purchasing LAND 
through the ICO R/Decentraland—ETA on Iron Age?, n.d.). A more specific illus-
tration of delays which can appear in this industry is the virtual reality promise 
made by developers (Sergeenkov, 2019). If consumers create avatars, invest money 
in ‘claiming names’, or in other words spend real-life money to buy MANA and 
customize their avatars under the belief they will be able, at some point to use this 
avatar in virtual reality, yet the company is not ready to roll out its virtual reality 
platform, this can be an issue from the perspective of Article 5. Whether additional 
development time can be considered undue delay is uncertain. However, what is 
certain is that a lot of platforms, especially deploying technology which has not 
matured enough, may promise consumers products or services which they consider 
feasible to build, but may not accurately estimate the necessary time. In this case, 
consumers could end up investing real money in digital content which they would 
not have access to for a long time after the conclusion of the contract.

Moving on to conformity requirements, Article 6 of the Directive sets out a gen-
eral obligation for the digital contract provided under the contract to be in confor-
mity with the said contract. Articles 7–9 further explain how conformity is defined 
and applied to contracts for digital content. Article 7 specifies four cumulative con-
ditions which ought to be met as subjective requirements for conformity: (a) that the 
digital content or service be of the description, quantity and quality, and possess the 
functionality, compatibility, interoperability and other features, as required by the 
contract; (b) that it be fit for the purposes required by the consumer and made known 
by the latter before or at the time of the conclusion of the contract, and which the 
trader agreed with; (c) be supplied with all accessories and instructions (including 
regarding installation and customer assistance) as agreed upon in the contract; and 
(d) be updated as agreed upon in the contract. In some cases, not all conditions may 
be applicable (e.g. (b)). Article 8 builds on these requirements to define the objec-
tive requirements for conformity. For example, Article 8(1)(a) refers to fitness for 
purpose through benchmarking, by referring to digital content or services of the 
same type; whereas Article 8(1)(d) speaks about compliance with potential trial ver-
sions or previews of the digital content or service. In addition, Article 9 covers 
integration issues arising under the trader’s responsibility or due to faulty instruc-
tions given by the trader.

Taking the description as a central tenet of the hype around Decentraland, the 
company behind the project has gained a lot of traction and initial investment in the 
project due to its label of decentralization, which is supposed to be the core differ-
ence between Decentraland and other virtual worlds like Second Life or Eve Online. 
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However, while LAND ownership runs on blockchain and thus entails that each 
transaction needs to be validated on Ethereum and outside of the grasp of 
Decentraland developers, not the same can be said about a lot of the other elements 
on which Decentraland runs. For instance, as it was revealed in the Terms of Service, 
there is nothing decentralized about Metaverse Holdings Ltd. holding all the intel-
lectual property rights for the architecture of Decentraland, including the tools it is 
being built with. The same goes for the storage of data, as all the data stored in rela-
tion to a parcel of LAND is currently stored on a centralized server (Schultz, 2019). 
This can lead to the very danger justifying the existence of Decentraland: that cen-
tralization is a risk for when virtual worlds shut down shop and leave their consum-
ers without the fruits of their time, effort or financial resources spent in those worlds 
(Schultz, 2019). Under the current setup, Metaverse Holdings Ltd. has not hedged 
this risk, as without the infrastructure that it has clearly retained rights for, and cur-
rently operates centrally, there simply is no Decentraland.

Lastly, regarding the modification of the digital content or service, Article 19(1) 
specifies that such content may be modified under certain conditions: (a) if the con-
tract allows and provides a valid reason for such a modification; (b) such a modifica-
tion is made without additional cost to the consumer; (c) the consumer is informed 
in a clear and comprehensible manner about the modification; and (d) the consumer 
is informed reasonably in advance, of the modification as well as the right to termi-
nate the contract, or the possibility to maintain the digital content or service without 
such a modification.

This is likely one of the crucial contributions of the Directive on Digital Content 
with respect to policing new business models which entail subsequent iterations and 
constant change. Decentraland set itself on a pathway of various historical ‘ages’ to 
map its transformation. Its earliest age consisted of a 2D map, similar to the Million 
Dollar Page The Million Dollar Homepage—Own a Piece of Internet History!, 
n.d.), where users were attributed pixels on the grid according to a proof of work 
algorithm Decentraland/Stoneage-Browser, n.d.). The subsequent ages marked fun-
damental changes not only in its ‘touch and feel’, or its functions, but more impor-
tantly in the business model used by the company, which aims to become an 
intermediary for peer-to-peer Dapps, exchanges, etc.

It is unclear if and how the company communicates with its consumers about 
these fundamental changes. Article 2 of its Terms of Service indicates that ‘the 
Curator reserves the right, at its sole discretion, to modify or replace the Terms of 
Use at any time. The most current version of these Terms will be posted on our Site. 
You shall be responsible for reviewing and becoming familiar with any such modi-
fications. Use of the Tools by you after any modification to the Terms constitutes 
your acceptance of the Terms of Use as modified’. Put differently, the Curator places 
the information duty for becoming aware of changes made in the Terms of Service 
on the customers, and does not acknowledge a need to disclose such changes. 
Should Decentraland fundamentally upon transitioning into the ‘Silicon Age’, 
Article 19(1) of the Digital Content Directive will become pivotal for the protection 
of consumer interests.
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5 � Conclusion

This chapter focused on closing a research gap regarding consumer protection and 
blockchain-based content and services targeted at consumers. It labeled how 
Decentraland uses non-fungible tokens such as LAND which may be considered as 
digital content, and looked into compliance issues arising out of the application of 
the Digital Content Directive to Decentraland in general, and LAND in particular.

Launched in 2008, the Bitcoin blockchain was the first distributed ledger tech-
nology to be officially called a cryptocurrency, namely a type of digital money sent 
via a series of computer-enabled actions based on sophisticated cryptographic pro-
tocols. With the rise of blockchain ecosystems like the Ethereum platform, which 
considers itself a virtual machine for Dapps, a lot of new meaning has been given to 
blockchain products. Both MANA and LAND, the tokes referred to in this chapter, 
are ERCs (Ethereum Request for Comments), namely ‘technical documents used by 
smart contract developers at Ethereum’, that ‘define a set of rules required to imple-
ment tokens for the Ethereum ecosystem’ (Agrawal, 2019). The fast pace at which 
these developments take place, and new meanings found for the tokenization system 
(Lee, 2019; Nadler & Guo, 2019; Savelyev, 2018) can be seen by merely looking at 
the standardization of known tokens, which can be divided into ‘draft (opened for 
consideration, such as the ERC721 Non-fungible Token Standard), accepted 
(planned for immediate adoption), final (implemented, as the ERC20 Token 
Standard), and deferred (dismissed for now and may be considered in the future)’ 
(de la Rocha, 2018). Non-fungible token standards such as those used for 
Cryptokitties or Decentraland are illustrations of the moniker ‘Internet of Value’, 
where it is not just cryptocurrencies that are traded online, but new forms of infor-
mational value.

However, this value can be stripped down to a more familiar concept, namely 
that of digital content. As data created by a platform and destined to be transacted to 
a user/consumer of that platform, parcels of LAND in Decentraland are nothing 
more than digital content, to which users may attach subjective forms of value, as 
well as objective financial expressions (e.g. when reselling). From this perspective, 
LAND parcels make up a fascinating case study for the application of the Digital 
Content Directive to a more sophisticated form of digital content.

After briefly examining some of the Directive’s main tenets, namely the timeli-
ness of the provision of digital content; the conformity requirements; and the modi-
fication of the digital content, it becomes increasingly clear that the Directive can 
play a central role in protecting consumer interests in the blockchain market, in 
more concrete situations not facing excessive legal uncertainty, as has been the case 
of, for instance, smart contracts, but in very specific transactions that are undoubt-
edly governed by European consumer protection rules. Absent market research to 
shed light on more factual details, such as how many European consumers have 
purchased LAND parcels, and out of those, how many are still waiting for their 
access to the Decentraland client, it remains to be seen whether there will be a prac-
tical need for consumer protection in these cases. However, it must be stressed that 
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the Directive on Digital Content amply covers problematic situations which may 
arise out of consumer contracts for digital content such as non-fungible tokens, and 
its application to such circumstances will mark a momentous opportunity to bring 
more legal certainty to the space of blockchain governance.

References

Abrahams, N. (2007). Media laws from virtual words. UNSW Law Journal, 30(1), 295–306.
Adimi, G. A. (2018). How the new generation cryptocurrencies decoded the investment contract 

code: Analysis of US and EU Laws IV: Scritti in Tema Di Diritto Dell’Economia. Bocconi 
Legal Papers, 1, 313–346.

Agrawal, G. (2019, May 8). All about ERC token standards. Medium. Retrieved from https://
medium.com/coinmonks/all-about-erc-token-standards-9c759efdc791.

Alvarez, M. (2018). A comparative analysis of cryptocurrency regulation in the United States, 
Nigeria, and China: The potential influence of illicit activities on regulatory evolution. ILSA 
Journal of International and Comparative Law, 1, 33–56.

Bakhoum, M., Gallego, B. C., Mackenrodt, M.-O., & Surblytė-Namavičienė, G. (2018). Personal 
data in competition, consumer protection and intellectual property law: Towards a holistic 
approach? Springer.

Berger, M., Jucker, A.  H., & Locher, M.  A. (2016, August). Interaction and space in the vir-
tual world of second life. Journal of Pragmatics, 101, 83–100. Retrieved from  https://doi.
org/10.1016/j.pragma.2016.05.009.

Boellstorff, T. (2015). Coming of age in second life: An anthropologist explores the virtually 
human. Princeton University Press.

Buchko, S. (2018). What is decentraland? (MANA). CoinDesk (blog). Retrieved from https://coin-
central.com/decentraland-mana-beginners-guide/

Casper, C. (2018). How to buy MANA (Decentraland) your top 11 options. CoinIQ (blog). 
Retrieved from https://coiniq.com/how-to-buy-mana/.

Chen, A. (2011). The underground website where you can buy any drug imaginable. Gawker. 
Retrieved from http://gawker.com/the-underground-website-where-you-can-buy-any-drug-
imag-30818160.

Chesney, T., Chuah, S.-H., & Hoffmann, R. (2009). Virtual world experimentation: An exploratory 
study. Journal of Economic Behavior & Organization, 72(1), 618–635. Retrieved from https://
doi.org/10.1016/j.jebo.2009.05.026.

Consultant, The Cryptocurrency. (2019). What is the internet of values? Medium. Retrieved from 
https://medium.com/swlh/what-is-the-internet-of-values-3f14b5d35a90.

Davidson, S., De Filippi, P., & Potts, J. (2018). Blockchains and the economic institutions of 
capitalism. Journal of Institutional Economics, 14(4), 639–658. https://doi.org/10.1017/
S1744137417000200.

De la Rocha, A. (2018). Anatomy of an ERC: An exhaustive survey. Medium. Retrieved from 
https://medium.com/coinmonks/anatomy-of-an-erc-an-exhaustive-survey-8bc1a323b541.

Decentraland (n.d.). Decentraland. Retrieved from https://decentraland.org.
Decentraland/Stoneage-Browser (n.d.). GitHub. Retrieved from https://github.com/decentraland/

stoneage-browser.
Storj (n.d.). Decentralized Cloud Storage—Storj. Retrieved from https://storj.io.
DTube (n.d.). Retrieved from https://d.tube/.
Ducuing, C. (2019). How to make sure my cryptokitties are here forever? The complementary 

roles of blockchain and the law to bring trust. European Journal of Risk Regulation, 10(2), 
315–329. https://doi.org/10.1017/err.2019.39.

Selling LAND in Decentraland: The Regime of Non-fungible Tokens

https://medium.com/coinmonks/all-about-erc-token-standards-9c759efdc791.
https://medium.com/coinmonks/all-about-erc-token-standards-9c759efdc791.
https://doi.org/10.1016/j.pragma.2016.05.009.
https://doi.org/10.1016/j.pragma.2016.05.009.
https://coincentral.com/decentraland-mana-beginners-guide/
https://coincentral.com/decentraland-mana-beginners-guide/
https://coiniq.com/how-to-buy-mana/.
http://gawker.com/the-underground-website-where-you-can-buy-any-drug-imag-30818160.
http://gawker.com/the-underground-website-where-you-can-buy-any-drug-imag-30818160.
https://doi.org/10.1016/j.jebo.2009.05.026.
https://doi.org/10.1016/j.jebo.2009.05.026.
https://medium.com/swlh/what-is-the-internet-of-values-3f14b5d35a90.
https://doi.org/10.1017/S1744137417000200.
https://doi.org/10.1017/S1744137417000200.
https://medium.com/coinmonks/anatomy-of-an-erc-an-exhaustive-survey-8bc1a323b541.
https://github.com/decentraland/stoneage-browser.
https://github.com/decentraland/stoneage-browser.
https://doi.org/10.1017/err.2019.39.


152

Engelmann. (2017). International commercial arbitration and the commercial agency directive: A 
perspective from law and economics. Springer.

Gallego, M. D., Bueno, S., & Noyes, J. (2016). Second life adoption in education: A motivational 
model based on uses and gratifications theory. Computers & Education, 100, 81–93. https://
doi.org/10.1016/j.compedu.2016.05.001.

Garofalo, D. A. (2013). Make the connection: Posting on social media. In D. A. Garofalo, Building 
communities (pp. 107–159). Chandos Publishing Social Media Series. Chandos Publishing. 
https://doi.org/10.1016/B978-1-84334-735-4.50005-1.

Gikay, A.  A. (2018). Regulating decentralized cryptocurrencies under payment services law: 
Lessons from European Union Law. Case Western Reserve Journal of Law, Technology and 
the Internet, 9, 1–35.

Graphite. (n.d.). Retrieved from https://graphitedocs.com.
Grimmelmann, J. (2014). Anarchy, status updates, and Utopia. Pace Law Review, 35(1), 135–153.
Hansen, D. L., Shneiderman, B., & Smith, M. A. (2011a). Chapter 3—Social network analysis: 

Measuring, mapping, and modeling collections of connections. In D. L. Hansen, B. Shneiderman, 
& M. A. Smith (Eds.), Analyzing social media networks with NodeXL (pp. 31–50). Boston: 
Morgan Kaufmann. https://doi.org/10.1016/B978-0-12-382229-1.00003-5.

Hansen, D. L., Shneiderman, B., & Smith, M. A. (2011b). Chapter 9—Thread networks: Mapping 
message boards and email lists. In D.  L. Hansen, B.  Shneiderman, & M.  A. Smith (Eds.), 
Analyzing social media networks with NodeXL (pp.  127–141). Boston: Morgan Kaufmann. 
https://doi.org/10.1016/B978-0-12-382229-1.00009-6.

Hansen, D. L., Shneiderman, B., & Smith, M. A. (2011c). Part I. Getting started with analyzing 
social media networks. In D. L. Hansen, B. Shneiderman, & M. A. Smith (Eds.), Analyzing 
social media networks with NodeXL (Vol. 1). Boston: Morgan Kaufmann. https://doi.
org/10.1016/B978-0-12-382229-1.00016-3.

Hoekstra, J., & Diker-Vanberg, A. (2019). The proposed directive for the supply of digital content: 
Is it fit for purpose? International Review of Law, Computers & Technology, 33(1), 100–117. 
https://doi.org/10.1080/13600869.2019.1562638.

Hughes, E. (1993). A Cypherpunk’s Manifesto. Retrieved from https://www.activism.net/cypher-
punk/manifesto.html.

Kalning, K. (2007). If second life isn’t a game, what is it? Msnbc.Com. Retrieved 
from http://www.nbcnews.com/id/17538999/ns/technology_and_science-games/t/
if-second-life-isnt-game-what-it/.

Karniell, Y., & Bates, S. (2010). Copyright in second life. Albany Law Journal of Science and 
Technology, 20(3), 433–456.

Kayser, J. J. (2006). The new new-world: Virtual property and the end user license agreement notes 
& comments. Loyola of Los Angeles Entertainment Law Review, 1, 59–86.

Khan, J. (2016). To what extent can blockchain be used as a tool for community guidance. 
Edinburgh Student Law Review, 2, 114–133.

Klastrup, L. (2009). The worldness of EverQuest: Exploring a 21st century fiction. Game Studies, 
9(1) Retrieved from http://gamestudies.org/0901/articles/klastrup.

Krzywinska, T. (2006). Blood scythes, festivals, quests, and backstories: World creation and 
rhetorics of myth in World of Warcraft. Retrieved from https://journals.sagepub.com/doi/
abs/10.1177/1555412006292618.

Lastowka, F. G., & Hunter, D. (2004). The laws of the virtual worlds. California Law Review, 
1, 1–74.

Lee, J.  Y. (2019). A decentralized token economy: How blockchain and cryptocurrency can 
revolutionize business. Business Horizons, 62(6), 773–784. https://doi.org/10.1016/j.
bushor.2019.08.003.

Lee, J., Yoo, B., & Jang, M. (2019). Is a blockchain-based game a game for fun, or is it a tool 
for speculation? An empirical analysis of player behavior in crypokitties. In J. J. Xu, B. Zhu, 
X. Liu, M. J. Shaw, H. Zhang, & M. Fan (Eds.), The ecosystem of e-business: Technologies, 

C. Goanta

https://doi.org/10.1016/j.compedu.2016.05.001.
https://doi.org/10.1016/j.compedu.2016.05.001.
https://doi.org/10.1016/B978-1-84334-735-4.50005-1.
https://doi.org/10.1016/B978-0-12-382229-1.00003-5.
https://doi.org/10.1016/B978-0-12-382229-1.00009-6.
https://doi.org/10.1016/B978-0-12-382229-1.00016-3.
https://doi.org/10.1016/B978-0-12-382229-1.00016-3.
https://doi.org/10.1080/13600869.2019.1562638.
https://www.activism.net/cypherpunk/manifesto.html.
https://www.activism.net/cypherpunk/manifesto.html.
http://www.nbcnews.com/id/17538999/ns/technology_and_science-games/t/if-second-life-isnt-game-what-it/.
http://www.nbcnews.com/id/17538999/ns/technology_and_science-games/t/if-second-life-isnt-game-what-it/.
http://gamestudies.org/0901/articles/klastrup.
https://journals.sagepub.com/doi/abs/10.1177/1555412006292618.
https://journals.sagepub.com/doi/abs/10.1177/1555412006292618.
https://doi.org/10.1016/j.bushor.2019.08.003.
https://doi.org/10.1016/j.bushor.2019.08.003.


153

stakeholders, and connections (pp. 141–48). Lecture Notes in Business Information Processing. 
Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-22784-5_14.

Lehmann, M. (2016). A question of coherence: The proposals on EU contract rules on digital con-
tent and online sales. Maastricht Journal of European and Comparative Law, 23(5), 752–774. 
https://doi.org/10.1177/1023263X1602300502.

Lidsky, L.  B. (2009). Anonymity in cyberspace: What can we learn from John Doe publicity, 
privacy, and intellectual property meet the first amendment. Boston College Law Review, 5, 
1373–1392.

Liedel, D. A. (2018). The taxation of bitcoin: How the IRS views cryptocurrencies. Drake Law 
Review, 1, 107–146.

Locher, M. A., Jucker, A. H., & Berger, M. (2015, September). Negotiation of space in second life 
newbie interaction. Discourse, Context & Media, Communicating time and place on digital 
media, 9, 34–45. https://doi.org/10.1016/j.dcm.2015.06.002.

Malaby, T. (2011). Making virtual worlds: Linden lab and Second Life. Cornell University Press.
Manning, P. (2019, February). Free the code, free the world: The chronotopic ‘worldness’ 

of the virtual world of ryzom. Language & Communication. https://doi.org/10.1016/j.
langcom.2019.01.002.

Marshall, A. (2014, January). Sensemaking in second life. Procedia Technology, SLACTIONS 
2013: Research conference on virtual worlds—Learning with simulations, 13, 107–111. 
https://doi.org/10.1016/j.protcy.2014.02.014.

McCullagh, D. (2001). Technology as security symposium: Is technology changing the law. 
Harvard Journal of Law & Public Policy, 1(2002), 129–142.

Mearian, L. (2019). Global blockchain spending to hit $12.4B by 2022; Finance Sector Leads 
Growth | Computerworld. Retrieved from https://www.computerworld.com/article/3356502/
global-blockchain-spending-to-hit-124b-by-2022-finance-sector-leads-growth.html.

Mistry, K. (2018). P(L)Aying to win: Loot boxes, microtransaction monetization, and a proposal 
for self-regulation in the video game industry student notes. Rutgers University Law Review, 
1, 537–578.

Mowbray, M. (2006). Implementing pseudonymity. SCRIPTed: A Journal of Law, Technology and 
Society, 1, 34–44.

Nadler, P., & Guo, Y. (2019, October). The fair value of a token: How do markets price cryptocur-
rencies? Research in International Business and Finance, 101108. https://doi.org/10.1016/j.
ribaf.2019.101108.

Nakamoto, S. (2009). Bitcoin: A peer-to-peer electronic cash system. Retrieved from https://bit-
coin.org/bitcoin.pdf.

Partala, T. (2011). Psychological needs and virtual worlds: Case second life. International Journal 
of Human-Computer Studies, 69(12), 787–800. https://doi.org/10.1016/j.ijhcs.2011.07.004.

Pearce, C. (2011). Communities of play: Emergent cultures in multiplayer games and virtual 
worlds. MIT Press.

Popper, N. (2018, December 21). Timothy C. May, Early Advocate of Internet Privacy, Dies at 66. 
The New York Times, sec. Obituaries. Retrieved from https://www.nytimes.com/2018/12/21/
obituaries/timothy-c-may-dead.html.

R/Decentraland—ETA on Iron Age? (n.d.). Reddit. Retrieved October 27, 2019, from https://www.
reddit.com/r/decentraland/comments/a4nnza/eta_on_iron_age/.

Savelyev, A. (2018). Some risks of tokenization and blockchainizaition of private law. Computer 
Law & Security Review, 34(4), 863–869. https://doi.org/10.1016/j.clsr.2018.05.010.

Schultz, A. R. (2019, May 22). Blockchain-based virtual world decentraland will finally launch 
its public beta in june, but it won’t be very decentralized (Yet) and it won’t support VR. Ryan 
Schultz. Retrieved from https://ryanschultz.com/2019/05/22/blockchain-based-virtual-world-
decentraland-will-finally-launch-its-public-beta-in-june-but-it-wont-be-very-decentralized-
yet-and-it-wont-support-vr/.

Selling LAND in Decentraland: The Regime of Non-fungible Tokens

https://doi.org/10.1007/978-3-030-22784-5_14.
https://doi.org/10.1177/1023263X1602300502.
https://doi.org/10.1016/j.dcm.2015.06.002.
https://doi.org/10.1016/j.langcom.2019.01.002.
https://doi.org/10.1016/j.langcom.2019.01.002.
https://doi.org/10.1016/j.protcy.2014.02.014.
https://www.computerworld.com/article/3356502/global-blockchain-spending-to-hit-124b-by-2022-finance-sector-leads-growth.html.
https://www.computerworld.com/article/3356502/global-blockchain-spending-to-hit-124b-by-2022-finance-sector-leads-growth.html.
https://doi.org/10.1016/j.ribaf.2019.101108.
https://doi.org/10.1016/j.ribaf.2019.101108.
https://doi.org/10.1016/j.ijhcs.2011.07.004.
https://www.nytimes.com/2018/12/21/obituaries/timothy-c-may-dead.html.
https://www.nytimes.com/2018/12/21/obituaries/timothy-c-may-dead.html.
https://www.reddit.com/r/decentraland/comments/a4nnza/eta_on_iron_age/.
https://www.reddit.com/r/decentraland/comments/a4nnza/eta_on_iron_age/.
https://doi.org/10.1016/j.clsr.2018.05.010.
https://ryanschultz.com/2019/05/22/blockchain-based-virtual-world-decentraland-will-finally-launch-its-public-beta-in-june-but-it-wont-be-very-decentralized-yet-and-it-wont-support-vr/.
https://ryanschultz.com/2019/05/22/blockchain-based-virtual-world-decentraland-will-finally-launch-its-public-beta-in-june-but-it-wont-be-very-decentralized-yet-and-it-wont-support-vr/.
https://ryanschultz.com/2019/05/22/blockchain-based-virtual-world-decentraland-will-finally-launch-its-public-beta-in-june-but-it-wont-be-very-decentralized-yet-and-it-wont-support-vr/.


154

Sein, K. (2017). What rules should apply to smart consumer goods: Goods with embedded digital 
content in the borderland between the digital content directive and normal contract law. Journal 
of Intellectual Property, Information Technology and Electronic Commerce Law, 2, 96–110.

Sergeenkov, A. (2019). Why blockchain and VR might be a match made in digital heaven. 
Retrieved from https://hackernoon.com/why-blockchain-and-vr-might-be-a-match-made-in-
digital-heaven-3b0c849978cf.

Shelton, A.  K. (2010). Defining the lines between virtual and real world purchases: Second 
life sells, but who’s buying? Computers in Human Behavior, Online Interactivity: Role of 
Technology in Behavior Change, 26(6), 1223–1227. https://doi.org/10.1016/j.chb.2010.03.019.

Skinner, C. (2016). ValueWeb: How fintech firms are using bitcoin blockchain and mobile tech-
nologies to create the internet of value. Marshall Cavendish International Asia Pte Ltd.

Song, J. Y., Chang, W., & Song, J. W. (2019). Cluster analysis on the structure of the crypto-
currency market via Bitcoin–Ethereum filtering. Physica A: Statistical Mechanics and its 
Applications, 527, 121339. https://doi.org/10.1016/j.physa.2019.121339.

Sundquist, M. (2012). Online privacy protection: Protecting privacy, the social contract, and the 
rule of law in the virtual world. Regent University Law Review, 25, 153–183.

Taylor, T. L. (2009). Play between worlds: Exploring online game culture. Cambridge: MIT Press.
The Internet of Value: What It Means and How It Benefits Everyone. (2017, 

June 21). Ripple (blog). Retrieved from https://www.ripple.com/insights/
the-internet-of-value-what-it-means-and-how-it-benefits-everyone/.

The Million Dollar Homepage—Own a Piece of Internet History!. (n.d.). Retrieved October 28, 
2019, from http://www.milliondollarhomepage.com/.

Truong, N. B., Um, T.-W., Zhou, B., & Lee, G. M. (2018). Strengthening the blockchain-based 
internet of value with trust. In 2018 IEEE International Conference on Communications (ICC) 
(pp. 1–7). https://doi.org/10.1109/ICC.2018.8423014.

Warburton, J. M. (2016). An innovative legal approach to regulating digital content contracts in 
the EU special issue on law and governance in the digital era. Journal of Intellectual Property, 
Information Technology and Electronic Commerce Law, 3, 246–255.

Wein, K. (2001). Dendrite v. Doe: A new standard for protecting anonymity on internet mes-
sage boards developments in science and technology law—Part I: Internet law. Jurimetrics, 4, 
465–478.

William, M. (2018). ERC-20 Tokens, Explained. Cointelegraph. Retrieved from https://cointele-
graph.com/explained/erc-20-tokens-explained.

C. Goanta

https://hackernoon.com/why-blockchain-and-vr-might-be-a-match-made-in-digital-heaven-3b0c849978cf.
https://hackernoon.com/why-blockchain-and-vr-might-be-a-match-made-in-digital-heaven-3b0c849978cf.
https://doi.org/10.1016/j.chb.2010.03.019.
https://doi.org/10.1016/j.physa.2019.121339.
https://www.ripple.com/insights/the-internet-of-value-what-it-means-and-how-it-benefits-everyone/.
https://www.ripple.com/insights/the-internet-of-value-what-it-means-and-how-it-benefits-everyone/.
http://www.milliondollarhomepage.com/.
https://doi.org/10.1109/ICC.2018.8423014.
https://cointelegraph.com/explained/erc-20-tokens-explained.
https://cointelegraph.com/explained/erc-20-tokens-explained.


155

Application of a Systems Engineering 
Approach as a Preventative Measure 
Against Disruptions to Real Estate 
Institutions

C. Kat Grimsley and Cody A. Pennetti

Abstract  As technology changes at an exponential rate, business and development 
industries must prioritize investments to be prepared for disruptive technologies. 
Within the real estate industry, the influence of new technologies is readily apparent 
in areas such as design and construction with Building Information Modeling 
(BIM), the incorporation of smart and sustainable/energy efficient systems into new 
buildings, and a shared economy approach to space use (e.g. AirBnB). However, 
there is an extensive network of critical interrelated institutions connected to real 
estate that is often overlooked, making the effects of disruption less transparent in 
the context of the larger system. This chapter will emphasize the complexity of the 
system that supports real property and its relevance for infrastructure, humanitarian, 
and market interests. The chapter will then propose a systems engineering approach 
as the appropriate lens through which to view the “real estate system” to ensure 
projects are holistically envisioned and disruptions can be anticipated.
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1 � Introduction: Complexity of the Real Estate System

Real property assets are important in infrastructure, humanitarian, and market con-
texts, with specific areas of concern varying between different sovereign states 
depending on country-specific factors. Generally, the humanitarian perspective is 
concerned with improving conditions for vulnerable groups, such as those living in 
poverty, as well as ensuring the overall sustainability of the built environment. The 
focus of contemporary aid programs related to real estate often includes a connec-
tion to the Sustainable Development Goals of the UN’s 2030 Agenda and themes 
related to ensuring security of title and tenure, including the provision of adequate 
and affordable housing, and eliminating social inequalities propagated by existing 
land use patterns and/or land rights regimes (UN Habitat, 2016; United Nations, 
2015). Indeed, there is a compelling link between equitable improvements in title 
and tenure security and several critical measures for human wellness, such as 
improvements in women’s rights, levels of educational attainment, and increased 
food security through gains in agricultural production (Bambioa & Bouayad Aghab, 
2018; Higgins, Balint, Liversage, & Winters, 2018; Lawry et al., 2017; Muchomba, 
2017). Among these themes, there is extensive overlap in underlying issues that are 
equally important for real estate markets. For example, while preventing energy 
poverty (Habitat for Humanity International and USAID, 2017) is a growing con-
cern from a humanitarian standpoint, energy efficiency is also paramount from a 
for-profit investment/development perspective when cost savings are substantial. 
Similarly, security of title and tenure is also an important foundation for efficient 
property markets as a precondition to allow for the development and transfer of real 
estate assets (UNECE, 2019).

Regardless of the dominant underlying interest, real property considerations rely 
on an extensive array of supporting institutions. For the purpose of this chapter, 
institutions are considered to be organizations and their associated systems and 
capacity that are integral to a particular function or outcome. The connection 
between certain institutions and real property is obvious, such as the need for a land 
records office; however, other equally critical institutions may be less apparent. 
Examples of critical institutions include (1) legislative bodies (2) court and police 
systems (3) land records offices, (4) planning and zoning offices, (5) banking and 
other lending systems, (6) national data systems, (7) educational institutions, and 
(8) taxation authorities. Depending on state regulations, each different institution 
may operate at a national/centralized, regional, or local level. Each institution will 
also typically include sub-divisions or functional units, which are critical to the 
overall functionality of the institution. Further, different institutions, or even differ-
ent divisions within a single institution, often have different capacities and access to 
human and financial resources. Figure 1 describes the institutions listed above in 
greater detail.

Note that the list in Fig. 1 is not exhaustive and is presented to highlight the 
dependency of real estate functions on an entire, interrelated system of supporting 
institutions. For example, an unsuccessful tax policy may have direct consequences 
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2 Courts and police - able to resolve
disputes and enforce the rule of law, 
including both property rights and 
contract law.

Disputes must be resolved in a timely and 
effective manner or else project risk/cost
variables increase.

Outcomes cannot be biased in 
favor of those with means or 
education.

3 Land records office - establish transfer 
process and provide accurate and 
reliable evidence of title (or national
equivalent, sometimes including 
recorded leases) to real property, as
supported by registration, surveying, 
and record keeping actives. 

Failure to maintain accurate and reliable
records introduces risk that can limit
investment and development activity.

Participation can be impacted if 
the office imposes high costs in 
the forms of fees or lengthy, 
complex registration processes
may result in non-compliance
and encourage informality.

5 Lending / banking - provide funding 
resources dedicated to real estate
investment.

Must be efficient so as not to impede
transactions; must be reliable, accessible, 
and agile enough to support unique or 
complicated projects.

Free from discriminatory lending 
practices.

6 National data systems - the country’s
computing/ technological capacity is
sufficient to manage the number of 
land records, banking transactions, etc.

Investment and development may be
inhibited in jurisdications using  only 
paper title records due to risk of 
fraudulent claims and lack of 
security/certainty.

Technology infrastructure should 
benefit all people and include
service to remote and 
economically challenged areas.

7 Education institutions - sufficient
education to produce both competent
land users (owners, tenants, licensees, 
etc) and real estate professionals
capable of serving the industry 
through surveying, brokerage, legal
services, and other professions.

Availability of professional surveyors, 
attorneys, etc is necessary for efficient
transfers and new development; the
quality of a school system can incentivize
or deter people from moving to a
particular area, which can impact levels of 
local retail, office, and residential
investment. 

Groups without basic education 
are vulnerable to corrupt and 
predatory practices and/or may 
not be able to participate in 
formal transfer and ownership 
systems.

8 Taxation authority - set appropriate
property tax policy and deliver public
services of value in exchange for taxes
collected.

Inadequate public services can limit
demand and may restrict development, 
particularly if tax rates are
disproportionately high.

Inappropriate tax programs or 
inadequate public services can 
incentivize tax evasion through 
unregistered property transfers, 
which can undermine
formalization programs.  

4 Zoning / planning offices - implement
planning and zoning controls to 
allocate appropriate land uses and 
approve development.

High costs in the form of fees, proffers, or 
lengthy, complex approval processes
introduce risk and can limit investment/
development activities, or will impact
affordability as costs are built into asset
pricing.

Must produce results free from
discriminatory policies and 
outcomes; must ensure a
sufficient supply of affordable
housing for vulnerable groups.

Institution and function Example Infrastructure / Market 
considerations

Example Humanitarian
considerations

1 Legislative bodies - create clear and 
coherent legal/regulatory frameworks, 
including rights to property and 
contract law.

Must be sufficiently developed to enable
sophisticated transactions and 
development projects.

Political forums must be
inclusive; resulting policies must
be equitable in practice, not
formalize inequality, and must
address tradtional and non-
formal tenure.

Fig. 1  Summary of critical institutions

for real property, but is also tied to the delivery of education as a public service, 
which has separate implications in the context of real estate. Similar connections 
exist between banking, land records, and data systems. This reveals a multi-layered, 
interdependent system, any part of which may be susceptible to disruption wherein 
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institutions can impact real estate individually or in unforeseen conjunction. Within 
this complex environment, the influence of individual policies or programs as well 
as the impact of disruption by new technologies on the underlying real estate is not 
immediately apparent.

It bears noting that, in addition to disruptions to or through institutions, the real 
estate system can also be influenced by movements, conditions, and phenomenon 
that are external to a sub-system (e.g., a single development project). Examples 
include phenomenon such as environmental change, conditions such as food 
scarcity, or disruptive technologies. This chapter evaluates how real estate develop-
ers can prioritize investments to serve multiple objectives while considering how 
disruptive technologies may influence priorities and decision-making.

2 � Discussion: Identifying Disruption with a Complex System

Tracing the potential for disruption is nearly impossible without (1) initial recogni-
tion of the wider real estate system and its influence, (2) appreciation for the impor-
tance of the benefits of tracking system influences, and (3) a framework to guide the 
exercise capable of identifying susceptible areas and testing causal connections. 
The challenge of anticipating disruption is intensified, although arguably even more 
important, in a global context where an estimated 7.7% of the population, or more 
than 582 million people, live in extreme poverty, facing tenure insecurity, unsanitary 
and/or unsafe housing, and food/water scarcity (World Poverty Clock, n.d.). 
Institutional challenges in developing nations are often exacerbated by limited 
capacity and varying levels of sophistication. Even so, global examples of efforts to 
accommodate complex systems do exist in a real estate context. These often take the 
form of efforts to set global standards, systems, processes, or as tools intended to 
address complex conditions related to title transfer, recordation, and tenure security, 
both with humanitarian and market interests. Specific examples include:

2010: the Social Tenure Domain Model (STDM).
2012: the Land Administration Domain Model (LADM).
2014: the New Continuum of Land Rights Model.
2018: the International Land Measurements Standards (ILMS).
2019: the Theory for Change/Logic Model for Land Tenure and Governance.

Most, although not all, of these models attempt to address the radically different 
experiences and conditions in different countries. However, they face a fundamental 
limitation in scope by focusing on relationships relevant for land governance and 
administration institutions (Augustinus, 2019; Grimsley & Kavanagh, 2018; ISO, 
2018; Lemmen, van Oosteromb, & Bennett, 2015; UN Habitat, 2017, 2019; Whittal, 
2014). As a result, they do not account for the greater real estate system and the 
potential for causal relationships or disruptions in other institutions. To strengthen 
and build upon these current tools, a fundamentally new approach is necessary to 
address limitations, both in domestic and international contexts.
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The necessary sophisticated, multidimensional approach exists in the study of 
systems engineering. In the context of real estate, preliminary applications of sys-
tems engineering are being made in infrastructure development to account for the 
complexity of the factors involved. These initial considerations can be expanded to 
help prepare different sectors of the real estate industry, ranging from individual real 
estate development projects to global policy development, to withstand unexpected 
disruption. The following sections identify systems engineering methods and tech-
nologies that can assist developers, designers, and the community in program man-
agement by considering multiple objectives of stakeholders, temporal analysis of 
decisions, and scenario planning.

2.1 � Systems Engineering Background

Systems engineering has emerged in the last 100 years and is inclusive of techni-
cal, managerial, and philosophical applications of a project (Haimes, 2019; 
INCOSE, 2007). This section provides a brief overview; however, systems engi-
neering is a vast and complex field that encompasses a range of topics beyond the 
purview of this chapter. From the technical perspective, systems engineering inves-
tigates the applied mathematics of topics such as optimization and statistical mod-
eling. Decision and risk analysis can fall under the managerial content of systems 
engineering. Perhaps most importantly, the philosophical element of systems engi-
neering considers how multiple systems, objectives, and stakeholders are intercon-
nected and interdependent. The philosophical perspective acknowledges the 
inherent challenges associated with models, risks, and decisions for systems with 
noncommensurate variables (e.g., financial investment costs versus risk of life) and 
multiple objectives. These topics are not independent within the realm of systems 
engineering and must also consider the shifting base of the system across time 
(Haimes, 2012) (Fig. 2).

The application of systems engineering is not prescriptive or uniform across 
domains, geographies or projects. It would be impossible to create a systems-based 
process or model that could appropriately represent the complexity of the built and 
natural environments. Instead, systems engineering is a catalyst for stakeholders to 
be engaged in the evaluation of multiple objectives, perspectives, tradeoffs and risks 
associated with development.

Applied to real estate development, systems engineering can function as a tool to 
investigate the challenges associated with the risk, uncertainty, and shifting 
conditions that are inherent to development projects. Real estate projects seek rapid 
design and development while attempting to consider long-term conditions with 
deep uncertainty. Specifically, three critical practices of systems engineering can be 
applied to real estate development processes:

	1.	 considering multiple objectives and perspectives
	2.	 evaluation of systems across a temporal domain, and
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Technical
• Optimization
• Statistical Modeling

Managerial
• Decision 

Analysis
• Risk Analysis

Philosophical
• Human Factors
• Uncertainty

Fig. 2  Illustration of the 
interconnected systems 
engineering domains

	3.	 scenario analyses to investigate possible outcomes associated with future 
conditions.

In this way, the multiple objective temporal scenario analysis (MOTSA) provides 
a framework that benefits developers, stakeholders, land owners, and decision makers.

The MOTSA process supports developers and stakeholders in decision-making. 
The approach demonstrated in this chapter describes a philosophy of planning that 
considers the complex interconnected and interdependent conditions of real estate 
development, with implications for different market-rate product types, infrastruc-
ture, and humanitarian initiatives. While it is impossible to find an optimal design 
solution when attempting to identify optimality from multiple perspectives, the 
intent of the MOTSA process is to introduce necessary actions into traditional land 
development planning in order to minimize regret. In this case, regret is measured 
as a function of what was completed when compared to what should have been 
completed (Ram & Montibeller, 2012). It would be unreasonable to assume that 
regret could be accurately measured except by a post-facto analysis; instead, the 
MOTSA process is meant to inform stakeholders of conditions that may not be self-
evident and uses the concept of regret to evaluate the consequences of current 
actions on future decisions.

2.1.1 � MOTSA Overview

The MOTSA process is a tool for resilience analytics. The term resilience, as defined 
by the International Council on Systems Engineering (INCOSE) is a system’s abil-
ity “to adapt to changing conditions and prepare for, withstand, and rapidly recover 
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from disruption” (INCOSE, 2007). When evaluated with real estate development 
projects and disruptive technology, a resilient project would maintain value under 
disruptive conditions and regret would be minimized. The disruptions may come as 
technological discoveries but in many cases it is the policies and social perspectives 
that establish the influence of technology (Maier & Rechtin, 2009).

Prior work has applied resilience analytics to infrastructure systems as a means 
of ranking and prioritizing investment initiatives (Collier & Lambert, 2018; 
Connelly, Colosi, Clarens, & Lambert, 2015; Quenum, Thorisson, Wu, & Lambert, 
2019; Thorisson, Lambert, Cardenas, & Linkov, 2017). To consider the rapid emer-
gence of disruptive technologies, this work introduces a temporal evaluation to 
evaluate how the timing of technology adoption will influence investment priorities. 
The prior work has established methods for evaluating the resilience of different 
initiatives by applying stressors and investigating the numerical rank of each initia-
tive as evaluated under different perspectives (or conditions) (Thekdi & Lambert, 
2015). This framework has been defined to investigate the ability for various project 
investment initiatives (p) to withstand different disruptions (d), where one or more 
disruptions are defined by scenarios (s). Each project is evaluated and ranked by a 
set of multiple objectives (mo) and then re-evaluated under different scenarios 
(Allen et al., 2018; Connelly et al., 2015; Thorisson et al., 2017).The variables are 
define by:

•	 Project Initiatives—different investment initiatives for a given project

–– P = {p1,…,pn}, with n initiatives
•	 Disruptions—technological disruptions that could influence the ranking of 

initiatives

–– D = {d1 …, dm}, with m number of disruptions
•	 Scenarios—one or more disruptions defines a scenario

–– S = {s1,…,sk}, with k scenarios based on sets of disruptions
•	 Multiple Objectives—economics, environment, aesthetics, and others

–– Mo  =  {mo1,…,mom}, with m objectives based on multiple perspectives
A weight value (w) is assigned to each objective (mom), where 

j

m

j jw w for j m
=
∑ = ≤ ≤ = …

1

1 0 1 1, , . 

In this way, the weight assigned to each objective is normalized. The weight can 
change for each scenario and temporal domain. For example, if the primary objec-
tives are economy, safety, and environment, the weights might be 30%, 50% and 
20% respectively. Then, the maximum score (z) for each objective is proportional to 
the weight (30, 50, and 20 from the prior example). Each project initiative (pi) is 
scored (ai) based on the ability to meet an objective, as measured with the associated 
weight (wj). Continuing with the prior example, a project initiative might score 15 
(of 30), 45 (of 50), and 20 (of 20) points (for a total of 80 out of 100 possible points). 
The evaluation and scoring of project initiatives is best performed by a group of 
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stakeholders with multiple perspectives. Score values are based on relevant research 
and expert opinion. The scoring process is repeated across all projects. 
Mathematically, we can define this as shown in Eq. (1):
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Equation (1) represents the project prioritization value (v) for a given project (pi) 
based on the total value of each objective weight (w) and the assigned score (a) 
across all objectives (j) for a given scenario (sk).

Resilience analytics traditionally begins with a baseline condition, in which there 
are no disruptions. Each scenario introduces one or more disruptions, often with a 
common (inevitable) disruption, that could modify the weight values of each objec-
tive. Each scenario also requires a new set of scores assigned to each project 
initiative to consider the effectiveness under the given scenario. For example, under 
a baseline (no disruption scenario), a site’s surface parking may be designed to 
accommodate current transportation systems. However, under a disruption such as 
the emergence of electric vehicles, the investments in vehicle parking systems such 
as charging stations might be scored higher. Each stakeholder must evaluate the 
development program to determine a list of project initiatives that can be influenced 
by multiple objectives and disruptions. A sample set of project initiatives for real 
estate development projects is shown in Table 1 for reference.

Table 1  List of possible land development project initiatives that are influenced by disruptive 
technologies

P Project initiatives

P1 Provide infrastructure to support electric charging stations
P2 Install electric charging stations
P3 Provide infrastructure to support hydrogen vehicle fueling
P4 Provide conduit, electrical systems and structural support for rooftop solar
P5 Plan for surface parking redevelopment
P6 Install additional (empty) communication and electrical conduits
P7 Reserve building space for battery backup systems
P8 Reserve site area for alternative transportation modes
P9 Provide drop off and queuing areas for autonomous vehicles
P10 Design roof layout (and structural support) to accommodate UAVs
P11 Design structured parking with raised clear heights to accommodate future conversation to 

useable space (subsurface or above grade decks)
P12 Design structured parking layout with side ramps to facilitate AV navigation
P13 Change plenum depth to accommodate new sustainable heating/cooling mechanisms
P14 Provide drone docking and delivery drop off stations (aerial or vehicular)
P15 Increase building central computing capability and dedicated mainframe space for systems 

upgrades and/or to engage with future Smart City initiatives
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The source of these initiatives may come from the developer, stakeholders, 
design team, academic works, or other sources. The list of project initiatives should 
consider similarities and the ability to disaggregate initiatives that may establish 
more resilient investments. For example, when faced with an unknown condition of 
the next dominant vehicle fuel source (e.g., electric or hydrogen), a resilient project 
initiative would include the primary infrastructure elements (e.g., underground con-
duit and additional electrical capacity) that would support onsite fueling options.

2.2 � Multiple Objectives

Despite efforts to streamline or simplify, there is no complex system with a single 
objective. The multiple objective component of MOTSA acknowledges that stake-
holder objectives will face competition between project priorities, available 
resources, community support, and other conditions. For example, water 
infrastructure projects compete on objectives of supply, hydropower and replenish-
ment of natural systems (Siddiqi, Ereiqat, & Anadon, 2016). As another example, 
businesses located along a highway may compete for customer access to promote 
economic development, but transportation agencies may seek to minimize access 
points to reduce vehicle conflicts (Thekdi & Lambert, 2015; Thorisson & Lambert, 
2017). A residential developer seeks to maximize profits while considering the 
physical and political boundaries of development, but public authorities will also 
consider the humanitarian responsibilities of providing affordable and accessible 
housing.

Hierarchical holographic modeling (HHM) is a framework to consider multiple 
perspectives and objectives of a system (Haimes, 1981, 2019). Originally demon-
strated with large-scale complex infrastructure systems (energy distribution and 
water resources), the development of an HHM requires the decomposition of a sys-
tem into multiple subsystems that expands across multiple models to consider dif-
ferent structures associated with political, economic, environmental, and functional 
conditions across time (Haimes, 1981). While HHM fundamentally relies on a 
mathematical representation of a complex system, the development of a schematic 
representation of the HHM will promote active discussions about a project’s objec-
tives, risks, stakeholders, and perspectives.

As an example, we can consider the complexity of evaluating some of the mul-
tiple objectives involved in a large-scale residential community development proj-
ect. This includes both private actors and public institutions (Dewberry, 2019a). 
Private actors include the developer, investors, and consumers. As a private, for-
profit entity, the developer will be focused on decisions that control expenses, maxi-
mize returns (for investors and itself), and meet consumer demand (Dewberry,  
2019b). The developer’s ideal project, however, may conflict with existing zoning 
and/or public sector goals outlined in the Comprehensive Plan. Consumer objec-
tives can also conflict with public sector goals. For example, a municipality’s transit 
division will be focused on the proposed new residential community’s connectivity 
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with the larger transportation network and may promote the inclusion of wide 
“complete streets” (parking, bike lanes, multiple vehicular travel lanes) through the 
neighborhood; however, consumers may prioritize walkability and ensuring the 
safety of children, leading them to prefer narrow, low-speed streets with traffic 
calming measures to reduce vehicle speeds. Further, despite the seemingly cohesive 
ideals often included in Comprehensive Plans, the various institutional components 
of the public sector will each have their own objectives, which may be contradic-
tory. For example, service-related institutions, such as the school system and police 
and fire departments, may want to limit growth that strains their existing capacity 
and budgets; however, the housing board may be interested in pursuing density to 
meet housing goals and address affordability issues. Separately, the budget division 
may want to the inclusion of specific types of commercial space to increase the tax 
base. Regardless of municipal objectives, project design and delivery must comply 
with the objectives of relevant State and Federal legislation, for example environ-
mental or fair housing policies.

A schematic representation of the HHM for a development project would inves-
tigate how each stakeholder is represented in the hierarchy of project decisions. The 
developer may believe they have the authoritative role in the project, but the from 
the perspective of community members the developer is subject to planning regula-
tions established by the local jurisdiction and public opinion. The HHM introduces 
additional perspectives to identify new sources of risk for a system. This provides a 
more realistic, resilient, and robust model of the system. As HHM is applied to a 
development project, each perspective will likely have different measures of cost, 
benefit, and expectations that shape the evaluation of multiple objectives.

Clearly identifying the existence of multiple objectives requires a diverse group 
of stakeholders engaging with mutual respect. Each stakeholder (or stakeholder 
group) must also recognize that communication, objectives, perception, and priori-
ties will vary between individuals (or groups). There is no single method to ensure 
inclusive design practices—each project requires a determination of the appropriate 
processes and technologies. Most importantly, an accurate representation of multi-
ple objectives (and associated perspectives) requires a common language of 
understanding.

Table 2 provides a list of several stakeholders that contribute to the multiple 
objectives of a development project. These objectives are listed to mirror the mul-
tiple stakeholders outlined in Fig. 1.

Note that the stakeholders given in Table 2 are meant to provide a familiar exam-
ple of groups that may have competing objectives in a common development con-
text. These concerns will, theoretically, be addressed through existing development 
approval processes. In productive, although often lengthy and expensive, participa-
tory planning exercises, it is possible to achieve comprehensive results leading to 
desirable outcomes. However, such results are not guaranteed as levels of sophistica-
tion and commitment vary between developers and jurisdictions. The objectives, and 
the associated weight of each objective, must be evaluated under various disruptions 
to achieve a resilient system. New technologies, policies, environmental conditions 
and other factors will influence the weight of objectives. To evaluate multiple objec-
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Table 2  Sample list of the stakeholder sources of multiple objectives

Mo Stakeholders representing multiple objectives

MO1 Developer (private stakeholder)
MO2 Investors (private stakeholder)
MO3 Consumers (private stakeholder)
MO4 Federal and State Legislative Bodies (institutional stakeholder)
MO5 Police and Fire Departments (institutional stakeholder)
MO6 Land Records Office (institutional stakeholder)
MO7 Zoning and Planning Office (institutional stakeholder)
MO8 Transit Office (institutional stakeholder)
MO9 Education Department (institutional stakeholder)
MO10 Taxation and Budget Authority (institutional stakeholder)

tives through a systems engineering approach, particularly for investments consid-
ered at the project-level, each stakeholder’s objective(s) should have a maximum 
score that can be achieved with different project initiatives (pi) and each project is 
scored (a) with respect to the a given project meeting each objective (mo). The 
weight (and maximum possible score) of each objective is determined by the stake-
holders and revaluated based on scenarios that consider system disruptions.

2.3 � Temporal Considerations

The development of real estate is often disproportionally focused on immediate 
needs and costs. While important, focusing only on the current conditions, particu-
larly during the design stages of a project, fails to adequately address the uncer-
tainty and challenges associated with the requirements of future timeframes. It also 
jeopardizes the ability to account for the impact of current decisions on future oper-
ations by taking a short-term view. Land development is especially challenged by 
the timeframe considerations of a project because of the long-term horizon for the 
design, construction, and use of real estate projects, during which time technology, 
policies, and market conditions continue to change, often without being accounted 
for in the project. When decisions are not evaluated across the temporal domain, 
parties fail to anticipate how current actions can limit future options and the associ-
ated long-term costs. This variability creates vulnerability for projects.

Infrastructure projects provide a unique demonstration of temporal influence. 
The political conditions that bound infrastructure development are subject to change 
across the temporal domain of the project as existing policies change with new envi-
ronmental discoveries, the shifting vision of a community, and new technologies in 
design and construction. Additionally, changes to exogenous factors such as tech-
nology, weather, sea level, and population growth create deep uncertainty for infra-
structure planning (You, Connelly, Lambert, & Clarens, 2014). Inadequate 
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development of future capacity in critical infrastructure systems will lead to opera-
tional challenges and limit growth, while over-investments in infrastructure will cre-
ate unnecessary operations and maintenance burdens. Infrastructure projects are 
built to last for decades and the design and material choices for infrastructure con-
struction will influence the future social, environmental, and financial costs of both 
the operators and the community. Yet critical decisions related to the materials, 
design, and capacity often rely on current technologies, policies, and market condi-
tions. For example, the eventual arrival of fully autonomous vehicles will dramati-
cally change future transportation infrastructure needs, but current policies and 
development decisions are made based on traditional transportation requirements 
and, therefore, may not be able to serve future needs. Note that temporal consider-
ations should not be limited to future conditions but should also investigate historic 
and concurrent influences on project requirements.

These temporal conditions provide an additional dimension to the scenario plan-
ning associated with the MOTSA process. For many of the scenarios the question of 
“when” is more important than “if” a disruption will occur. When prioritizing 
investments, a stakeholder must consider when a disruption will occur, how stake-
holder objectives may change over time, and how current actions can limit future 
decisions. The process of temporal decomposition is an extension of resilience ana-
lytics and considers the time frame associated with each disruption. The original 
framework, as referenced in Eq. (1), can be expanded to consider different planning 
horizons associated with a scenario. A technological disruption might be inevitable, 
but other disruptions could be prioritized based on immanency of the disruptions.

To consider the planning horizons and temporal domains, a new temporal weight 
(τ) is introduced to the resilience analytics, where {τ: 0 < τ ≤ 1}. The temporal 
weight modifies the ranked value for scenarios based on when they are anticipated 
to occur. The timeframe of the scenario must be less than the life expectancy of the 
project, or else it is not deemed relevant to the project. Based on a planning horizon 
in years (T), the anticipated timeframe of a scenario (tsk) is evaluated as shown in 
Eq. (2):
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Each scenario (sk) holds a temporal weight (τk) associated with the expected 
timeframe of the disruption. The variable τ represents a proportional weight of a 
given scenario to all other scenarios evaluated across the temporal domain. The 
variable θ represents the sum of all temporal values of the project. As an example, 
if the planning horizon of project infrastructure is estimated at 50 years and the 
disruptive scenarios are expected to occur 15, 25, and 40 years from project origina-
tion, then θ would equal (1.0 + 0.7 + 0.5 + 0.2 = 2.4). Each value of t is then evalu-
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ated as a proportional weight to calculate τk, such that τk = {0.42, 0.29, 0.21, 0.08}. 
The temporal weight is assigned to the original Eq. (1) as defined by Eq. (3).

	

v p w as i k
j

m

j
k

ji
k

k
( ) =

=
∑τ

1 	

(3)

As shown in Eq. (3), the temporal weight does not influence the score (a) or 
weight (w) assigned by multiple objectives, and instead applies an adjustment to the 
entire project initiative value (v) for each scenario. In this way, scenarios that are 
anticipated to occur later in the planning horizon will carry less weight than those in 
the near term. These temporal weights should not preclude an investigation into 
which decisions could obfuscate future project initiatives, such that a project in the 
future is no longer an available option. The value of tsk does not reference the time 
of invention of a relevant technology but instead evaluates the expected timeframe 
of market penetration such that it would influence project initiatives.

Further note that this introduction of a temporal element does not account for the 
cost component of future improvements undertaken as part of a particular project 
scenario. If such costs are anticipated to be incurred within the investment horizon, 
they can be accommodated through an addition in the pro forma line for capital 
expenditure reserves if a scenario is deemed likely. Alternatively, the future value of 
the cost for required improvements can be calculated and introduced as a “shock” to 
test the resiliency of financial projections should the scenario occur in year tsk.

2.4 � Scenario Analysis

Scenario analysis is a method to consider that the future time frames will change 
with the exogenous and endogenous conditions of the system. Changes to policies, 
environment, community, and technology will all influence the timelines and effects 
of the decisions. By accepting the uncertainty, scenarios inform the current deci-
sions with an investigation on a variety of effects across different time frames. These 
scenarios are key to the temporal considerations of MOTSA and are based on prior 
work that demonstrates the value of scenario-based planning (Bostick, Connelly, 
Lambert, & Linkov, 2018; Leung, Lambert, & Mosenthal, 2004). While the sce-
nario development is meant to inform stakeholders, it is not reasonable to assume 
the scenarios are inclusive to all possible futures. Instead, the development and 
analysis of scenarios should prompt discussions about possible futures and the pri-
oritization of initiatives that establish resilient designs, The determination of the 
appropriate metric of resilience should be prompted by the multiple objectives of 
stakeholders and informed by the scenario planning and analysis. A scenario analy-
sis begins with identifying a list of disruptive conditions, as shown in Table 3.

The disruptions in Table 3 are provided as an example and should be developed 
by stakeholders and state of the art research. Based on a set of disruptions, a sce-
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Table 3  Sample list of disruptive technologies that would influence the ranking and resilience of 
development project initiatives

D Disruptive technology

D1 Blockchain
D2 Autonomous ground transportation
D3 Artificial intelligence (building systems)
D4 Drone delivery systems
D5 Electric vehicles
D6 Hydrogen-powered vehicles
D7 Smart building materials (flooring, walls, sensors)
D8 Enhanced communication (5G)
D9 Autonomous air transportation
D10 Renewable energy production (cheaper systems or policy 

requirements)
D11 Robotic delivery or assistant services
D12 Biometric security
D13 Unknown unknowns

Table 4  Sample list of 
scenarios that group various 
disruptions by similar 
technology conditions or 
anticipated timeframes

S Scenario disruptions

S0 No disruptions

S1 D1

S2 D1 + D2, D4, D5, D6

S3 D1 + D3, D7, D8, D10, D11, D12

S4 D1 + D9

Each scenario may have a common dis-
ruption or represent independent disrup-
tions

nario will consider one or more disruptions. A base disruption (e.g., an inevitable 
condition) can be used across all scenarios. Similar disruptions can be grouped into 
a single scenario, as shown in Table 4, which considers a (0) baseline, (1) consistent 
disruption, (2) transportation technologies, (3) artificial building intelligence, and 
(4) energy technology scenarios as reference from the disruption in Table 3.

Scenario analysis can be used to prioritize different projects based on a defined 
set of objectives through various futures that consider emergent conditions 
(Karvetski, Lambert, & Linkov, 2009). Each objective has different weights 
assigned, which can be modified across various scenarios. Each scenario prompts a 
new assigned score on how well a project meets objectives given the disruptive 
conditions of a scenario. The scenarios can be opportunistic or disruptive and are 
meant to inform decision-makers (Karvetski et  al., 2009). The development and 
analysis of scenarios promotes conversations across subject matter experts with dif-
ferent perspectives and objectives. Scenarios are best authored by a diverse team 
based on technical review of potential disruptions. Initially, each stakeholder may 
lobby for a set of project initiatives to meet one objective; however, scenario-based 
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planning evaluates how the initiatives rank when considering all objectives. The 
resilience of each project initiative is evaluated by the scenarios that can disrupt the 
system. There is a growing recognition of the applicability of this technique and the 
American Planning Association (APA) supports scenario planning methods as a 
complimentary framework for traditional planning processes (American Planning 
Association, 2019).

2.5 � Example Demonstration

Consider a basic scenario in which a developer is evaluating the infrastructure 
requirements for the expansion of an existing facility. The expansion will require a 
surface parking facility, which would traditionally be designed based on current 
parking requirements and vehicle modes. In this example, several transportation 
project investment initiatives can be identified and ranked with the MOTSA frame-
work. Relevant transportation-related project initiatives are shown in Table 5. These 
initiatives represent different investments that can be made by the developer but are 
also susceptible to technology disruptions.

In this example, the developer is evaluating initiatives that warrant upfront 
investments in hopes of meeting multiple objectives while considering possible 
technological disruptions. The initiatives are developed with expert input from a 
variety of stakeholders and the relevant objectives evaluated for each project initia-
tive also consider different stakeholder perspectives. An objective weight is assigned 
to each objective by the decision-makers for a baseline scenario (s0) with no techno-
logical disruptions, as shown in Table 6.

As required by the MOTSA framework, the weight (j) of each multiple objective  

(m) sum to one, as indicated with 
j

m

j jw w for j
=
∑ = ≤ ≤ = …

1

1 0 1 1 5, , . 

Each stakeholder may assign different weights (likely biased towards their objec-
tives), which can influence the final weight value selected for each objective. 
Anticipated technological disruptions are developed to evaluate the resiliency of 
different project initiatives. This sample demonstration references disruptive tech-
nologies (Table  7) applicable to site transportation project initiatives (Table  5).

Table 5  Project initiatives for example demonstration

p Project initiatives

p0 No additional transportation investment
p1 Provide infrastructure to support electric charging stations
p2 Install vehicle charging stations
p3 Plan for surface parking redevelopment
p4 Reserve site area for alternative transportation modes
p5 Provide drop off and queuing areas for autonomous vehicles
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Table 6  Multiple objectives (consolidated list) for sample demonstration with weights applied to 
each objective

MOm Applicable criteria weight (w0) Max score (a0)

MO1 Initial costs (Developer) 0.40 40
MO2 Parking requirements (Zoning and Planning) 0.25 25
MO3 Electric power policy (Legislative body) 0.05 05
MO4 Marketability of site (Technology Policies) 0.20 20
MO5 Financial incentives from local government (Economy) 0.10 10
Σ 1 100

Weights represent a maximum score that can be assigned to each objective based on a project 
indicative’s ability to meet objective criteria

Table 7  Sample list  
of disruptive technologies 
relevant to site transportation 
project initiatives

D Disruptive technology

D1 Autonomous ground transportation
D2 Electric vehicles
D3 Hydrogen-powered vehicles

The disruptions are grouped into scenarios, which may include more than a sin-
gle disruption. Starting with a base scenario (with no disruptions), each disruption 
has an anticipated timeframe (tk) that represents when the scenario will influence the 
project. The anticipated timeframe, along with an established planning horizon 
(T = 20 years) provides a temporal weight value for each scenario. The scenarios 
and temporal values are shown in Table 8.

Each scenario requires a reevaluation of the weights and maximum scores, as 
originally defined in Table 5. Modifications are made to each weight value based on 
whether the importance of the objectives will increase or decrease during various 
scenarios. For example, under a mostly autonomous transportation environment (S1) 
the parking requirements (MO2, w2) would be less significant. The potential for 
reductions in parking requirements would reduce the weight and increase the values 
of all other objectives. Table 9 provides different weights for each objective across 
multiple scenarios.

The list of project initiatives for the development are scored based on the ability 
to meet the multiple objectives across the scenarios developed. The assigned score 
is associated with the weighted value for each objective. All quantitative results for 
each initiative are assigned a rank value based on highest to lowest scoring project 
initiatives for each scenario. The range and median of each project are listed for 
reference, and then a new comprehensive ranking can be determined based on 
median values (or other quantitative metrics) as shown in Table 10. The results are 
shown graphically in Fig. 3.

These results have considered the temporal domain of each scenario. Based on 
the planning horizon and the anticipated scenario timeframe, the temporal values 
can be assigned to the original results documented in Table 10. The new ranking of 
each project initiative will consider the anticipated timeframe of the scenarios as 
modified by the temporal weight variable as τk = {0.4, 0.3, 0.2, 0.1} from Table 8. A 
new set of calculations and resulting rank of project initiatives is shown in Table 11.
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Table 8  Sample list of scenarios that group technological disruptions

Sk Scenario
Anticipated timeframe 
(tk)

Temporal weight 
(τk)

S0 No anticipated disruption 0 0.4
S1 D1, Autonomous ground transportation 5 0.3
S2 D1 + D2, dominance of electric vehicles 10 0.2
S3 D1 + D3, dominance of hydrogen-powered 

vehicles
15 0.1

The anticipated timeframe and the associated temporal weights are calculated for each scenario

Table 9  Sample list of weights associated with each project initiative during each scenario

Sk w1 w2 w3 w4 w5

S0 0.40 0.25 0.05 0.20 0.10
S1 0.45 0.05 0.05 0.30 0.15
S2 0.30 0.05 0.15 0.20 0.15
S3 0.60 0.05 0.05 0.20 0.10

The weight values can change across scenarios if the criteria is deemed more or less relevant to 
development goals. The weights represent a maximum score value as each project initiative is 
evaluated

Table 10  Based on the score values assigned to each project initiative (not shown in this 
demonstration) the initiatives are ranked based on the highest scoring project initiative (rank of 
one) to the lowest scoring initiative (rank of six)

Sk p0 p1 p2 p3 p4 p5

S0 1 5 6 3 4 2

S1 6 4 5 3 2 1

S2 6 2 1 5 4 3

S3 4 5 6 3 1 2

Med 5 4.5 5.5 3 3 2
Low 1 5 6 2 2 1
High 6 5 6 5 4 3
Rank 5 4 6 2 2 1

Across all scenarios, each project initiative has a representative range of values and a median score. 
The median score references the comprehensive rank

The temporal weights shift the comprehensive ranking of the project initiatives, 
as shown in Table 10. Evaluating the prior rank (without temporal considerations) 
and the adjusted rank value demonstrates how the anticipated time frame and plan-
ning horizon will influence the prioritization of initiatives.

The demonstration is provided to inform stakeholders of methods to prioritize 
land development project initiatives based on disruptive technologies and the 
anticipated timeframe of the technologies. This approach extends prior methods of 
resilience analytics by considering the temporal domains of inevitable technology 
disruptions.
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Fig. 3  Chart depicting the range and median (circle) of each project initiative (p) rank based on 
various scenarios

Table 11  Temporal weights assigned to ranked values to provide a new series of rankings

τk × Sk p0 p1 p2 p3 p4 p5

τ0 × S0 0.4 2 2.4 1.2 1.6 0.8
τ1 × S1 1.8 1.2 1.5 0.9 0.6 0.3
τ2 × S2 1.2 0.4 0.2 1.0 0.8 0.6
τ3 × S3 0.4 0.5 0.6 0.3 0.1 0.2
Rank 3 4 6 5 2 1
Prior Rank 5 4 6 2 2 1

The bottom row referenced the original rank value without the temporal weight considerations

2.6 � Broader Application to Real Estate

Real estate development is challenged by limitations in resources and the uncer-
tainty of future conditions, including disruption from technology. It is further 
bounded by political and physical conditions that must consider the long-term oper-
ational requirements and the continuous shift of social, environmental, technologi-
cal, and economic conditions. Improved decision making within this complex 
environment can be served by systems engineering. While the potential applications 
of systems engineering to real estate are extensive, this section will briefly highlight 
conceptual examples in infrastructure development, humanitarian aid endeavors 
related to titling projects, and market-based project decision-making.
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2.6.1 � Infrastructure

With the rapid emergence of technologies, infrastructure planning is challenged to 
serve current needs while also being adaptable to future conditions. These chal-
lenges are especially prevalent in infrastructure design because (1) the planning, 
funding, design and construction of a project will span multiple years; (2) the tech-
nology, policies, economics and other factors change during the years of design and 
construction (and continue to change over the life of the development); (3) each 
project is unique; and (4) the scale of infrastructure projects prohibits testing, pro-
totyping, and agile development.

The planning, design, construction, operations and maintenance of civil infra-
structure is interconnected and interdependent within a community and the econ-
omy. Water, transportation, energy, and communication infrastructure are critical to 
the economic system (Haimes & Lian, 2006). The multitude of stakeholders and 
contending objectives are constantly negotiated between local, regional and global 
environments. This interconnected state is not restricted to the physical infrastruc-
ture of the built environment—the rapid and continuous emergence of technology 
and communication channels adds to the complexity and risks of community devel-
opment. This complexity requires processes that serve, plan, and adapt to economic, 
social, and environmental objectives.

2.6.2 � Humanitarian

Globally, large-scale aid projects concerned with improving title and tenure security 
are often geared towards titling programs, land administration reforms, and/or 
capacity building. Such solutions, aimed at the individual institutional level, fail to 
account for the complexity of the systems that support meaningful change and sus-
tainability in results. For example, delivering a revised process and improved capac-
ity in a land records office may result in an initial increase in the issuance of new 
title documents. However, such progress is unlikely to be sustainable if court sys-
tems do not efficiently support title related claims or if taxation policies create dis-
incentives for formal property transfers to continue in the future. While independent 
capacity building projects may be simultaneously run in land administration and 
other institutions, education for example, deliberate efforts should be made at devis-
ing a single/joint coordinated and comprehensive exercise. Applying systems engi-
neering principles can allow aid organizations to consider the entire spectrum of 
institutions relevant to titling outcomes. Doing so may facilitate innovation for rei-
magining titling programs to account for a more holistic, system-wide approach. 
Similarly, using a systems engineering approach can contribute to the development 
of more robust, equitable policies by helping policy makers anticipate possible 
unintended social consequences before instituting new policies, regulations, or 
processes.
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2.6.3 � Market

Once developed, real estate projects are expensive and difficult to modify. In some 
cases, extensive retrofitting or rehabilitation is simply not possible due to design or 
site constraints. Unanticipated future changes in space use, technology, or other 
areas can limit functionality, increasing operating costs, or impact demand, leading 
to increased vacancy, slower rental/sales rates, or the need to discount prices. Thus, 
it behooves private sector developers to account for future disruptions that may 
impact their projects before each asset reaches its natural point of functional obso-
lescence. A well-known contemporary example of a future disruptive threat centers 
around the eventual impact of autonomous vehicles on parking structures. Previously, 
changes to automotive technologies were less relevant to real estate. However, a rise 
in the use of autonomous vehicles may now change the way parking structures are 
designed and used. While autonomous vehicles are already a part of mainstream 
industry discussions, other potential disruptions have likely not yet received the 
same attention. Applying a systems engineering approach to evaluating projects 
during the design stage can help developers consider what unanticipated disruptions 
or unrelated technologies may become relevant in the future, allowing the developer 
to plan accordingly.

3 � Conclusion

Systems engineering has a range of applications related to real estate, including 
infrastructure delivery, humanitarian projects, and private sector market investment 
and development. The use of a systems engineering approach can enable developers 
and policy makers to consider a more robust, holistic view of the real estate system 
rather than limiting focus to individual industry sectors, institutional objectives, or 
temporal conditions. The intentional application of the MOTSA process can support 
an analysis of potential disruptions to projects, build resilience against future threats, 
prevent or limit unintended policy consequences, and lead to early adoption of best 
practices.

Despite its potential, however, systems engineering is often poorly understood 
outside of the engineering profession and military applications. This inherently lim-
its its value to members of the real estate community who might otherwise benefit 
from its use. Thus, further development is required to increase the approachability 
of the MOTSA processes in order to support the engagement of non-engineering 
stakeholders. This includes the need to build a framework tailored for different real 
estate applications. Such a framework would guide users through an outline of con-
siderations with prompts for defining and considering multi-objectives, temporal 
factors, and scenario analysis components. A fully developed MOTSA tool could 
become, in its own way, a type of disruptive technology used to improve the results 
of real estate planning and projects.
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