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This article belongs to the Glossary of decentralised technosocial systems, a special
section of Internet Policy Review.

Definition

Digital Scarcity is a credibly maintained limitation, imposed through software, of
digital information, goods or services that may be accessed and used entirely digi-
tally.

The history of digital scarcity

Some of the earliest uses of the term digital scarcity stem from the early 2000s and
describe the scarcity of access to IT resources and the underlying physical re-
sources that computers and networks rely on—i.e. "the scarcity of the digital”
(Weinberger, 2003; Hammersley, 2003; Chaudhry & Shipp, 2005). In one prominent
example, legal restrictions on access to radio frequencies stymied the growth of
communications networks at the beginning of this century—and activists and net-
work operators bemoaned the resulting digital scarcity (Weinberger, 2003; Ham-
mersley, 2003). The explosive growth of mobile telephony and the widespread de-
mand for digital services on mobile devices led to public auctions of radio spec-
trum usage rights in order to alleviate this particular form of legally imposed
scarcity (Wikipedia contributors, 2021). Digital scarcity, as referring to the availabil-
ity of IT resources, has also described issues of accessibility due to forms of mar-
ginalisation (the digital divide), including lack of access because of disabilities. In
this specific context, the term digital scarcity is used to describe "the dearth of ac-
cessible technological and other resources, lack of political will to address the
problem, and general ignorance about digital access” (Chaudhry & Shipp, 2005,
sect. 6, para. 10).

As internet access has become more widespread, and as an increasing amount of
content is consumed digitally (text, news, music), the usage of the phrase has shift-
ed. Digital scarcity now refers to the imposition of limits and conditions on avail-
ability and access to digital content. Digital information can be easily copied and is
by nature not scarce or rivalrous; it can be shared at next to no cost, with no re-
duction in availability or quality: 'Digital reproduction frustrates notions of origi-
nality’ (O'Dwyer, 2020, p. 874). As assets that were previously scarce or rivalrous
(e.g., number of copies of a book or record) became increasingly digital, this led to
no end of difficulties in the realm of copyright enforcement (Perzanowski &
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Schultz, 2016). In this context, digital scarcity describes limitations set on the ac-
cess to data, in order to protect business models that depend on scarcity, as well
as in the development of new forms of digital markets and economies.

Copyright-based industries for example, seek to impose digital scarcity to prevent
copying of data. In the case of music, the value to the customer is clear, but scarci-
ty needs to be maintained in order to protect industry profits. In the words of
Warner Music Group chairman Edgar Bronfman: “Music is ubiquitous to a degree
that also | think is probably not helpful for the industry” (Resnikoff, 2007). On the
other hand, manipulating (perceptions of) scarcity is used a priori as a marketing
tool in order to create demand for digital goods and services (Fortin, 2007). This
(pre-bitcoin) notion of scarcity is perhaps best summed up in the following: "One
key to the success of digital goods business models is to maintain the scarcity of the
digital goods. Since digital goods are digital, they cost nothing to copy. Free copies of
digital goods would reduce demand for paying for the same item. In a closed system, it
is easier to maintain scarcity. The company controls the supply of all digital goods
completely." (Lightspeed Venture Capital Partners, 2008).

The rise of the internet, and the ease with which data could be copied, led to
movements of digital activists seeking to open the access to information entirely
('information wants to be free’). These movements often clashed with intellectual
property and copyright-based industries (Dahlstrom et al., 2006; Swartz, 2016),
and these clashes in turn informed much of the development of peer-to-peer sys-
tems that would enable circumvention of the copyright industry, and free access to
information (Oram, 2001; Andersson, 2011). Arguments were put forward that
nothing digital is genuinely scarce and that any imposed scarcity is not just artifi-
cial, but also objectionable. "In digital goods, scarcity doesn't exist" and "the eco-
nomics of scarcity doesn't apply digitally” (Masnik, 2006a). Virtual goods are only
scarce by design and, as such are scarce by choice, and "that’s a recipe for trouble”
(Masnik, 2006b; see also Knowles, Castronova, and Ross, 2015, p. 242).

If we look beyond mere data, there are digital resources that are inherently limited,
such as bandwidth or short domain names. Short domain names for instance (us-
ing the English alphabet) are scarce due to the limitations of the alphabet, and
may sell for millions of dollars (WP02); but scarcity of top-level-domains (such as
.com, .org, .luxe, or .io) is artificially created and maintained by the Internet As-
signed Numbers Authority (IANA) and the Internet Corporation for Assigned Names
and Numbers (ICANN). Sometimes the creation of digital scarcity is accidental and
its maintenance is due to a failure in governance. A prominent example is the
dearth of IPv4 (Internet Protocol version 4) addresses (Rodriguez, 2012). The loom-
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ing shortage has been apparent since the 1990s, and yet the coordinated migra-
tion to the newer IPv6 has yet to be achieved on a large scale.

Bandwidth meanwhile is a hotly contested commodity and the ability to impose
artificial scarcity on specific customers or types of content is subject to intense le-
gal wrangling (Smith, 2010). Indeed, the imposition of limitations on bandwidth
has been used as a means to clamp down on peer-to-peer file sharing or to de-
grade performance of a competitor's services, known as throttling. In response, the
notion of net neutrality’ emerged as part of a campaign aiming to protect the free
flow of data and ensure that internet providers are not legally allowed to limit in-
ternet access based on content or source or usage (Wu, 2003; for an overview, see
Finley, 2020).

Digital scarcity in the age of blockchains

In the context of the Bitcoin blockchain, digital scarcity refers to the limitation on
the total supply of bitcoin. In contrast to the previous meaning, access to data is
not restricted, and indeed the network relies on the blockchain data being freely
available for anyone to copy in order to function securely. What determines a spe-
cific bitcoin is thus not its uniqueness as a piece of data, but rather its function as a
verified entry in a distributed ledger.

It should also be noted that while both the cryptocurrency ether (on the Ethereum
blockchain) and bitcoin (on the Bitcoin blockchain) are finite. The total amount of
ether rises linearly whereas the total amount of bitcoin rises at a linear rate that is
then halved every four years, so that the total number of bitcoins asymptotically
approaches 21 million. As both blockchains enable finite transfers of a finite
amount of digital currency, and the total amount in question grows only (sub-)lin-
early, they both exhibit digital scarcity and are not subject to uncontrolled infla-
tion brought about by an out-of-control increase in money supply.

There is a further aspect of scarcity inherent in Bitcoin (and indeed any
blockchain). Just as the bitcoin supply is limited to 21 million, so too is the Bitcoin
network limited to seven transactions per second. These are both examples of dig-
ital scarcity, but while the former limit is entirely arbitrary and determined in pro-
tocol designs, the latter cannot be arbitrarily raised as it is bounded by bandwidth
and processing constraints.

In the digital realm, data can be copied, databases re-indexed and values of vari-
ables can be changed—at least in principle. As the copyright battles of the 1990s
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and early 2000s made clear, maintaining digital data scarcity by preventing copies
is nearly impossible. Copying data is just too easy and ubiquitous. However, estab-
lishing referential scarcity, where references are ledger/database entries (and the
referents are anything from cryptocurrencies to cryptokitties), is possible as long as
it can be credibly established that the scarcity will be maintained and the rules
adhered to. The crucial aspect of referential scarcity is not control over data avail-
ability, but control over manipulation of the data in question. This was the innova-
tion of Bitcoin and the invention of the blockchain as a decentralised ledger tech-
nology.

With the invention of Bitcoin, digital scarcity could be established without the
need for a central entity to enforce it. Instead, the network uses cryptographic
hash cycles (mining) in order to agree on, maintain and enforce a record of valid
transaction data. Cryptocurrencies are not the first databases with finite number
entries, but they are the first in which changes to the entries cannot be forced by
the entities providing the computing infrastructure. The notion that centralised

control over a database is necessary to ensure digital scarcity was thus overturned.
1

As more advanced and general-purpose blockchain networks such as Ethereum ap-
peared, the scope for scarce ledger entries grew. Aside from scarcity of cryptocur-
rencies and currency-like 'tokens) a new class of 'unique digital items’ known as
non fungible tokens, or NFTs have appeared. These range from formal claims of
ownership over a real-world (offline) asset, to purely digital collectibles (see, for
example, Serada, Sihvonen, and Harviainen, 2020).

The rise of NFTs has led to experiments with new types of digital property where
'the broader intention does not appear to be to reduce the circulation and repro-
duction of the work, but instead to create titles and derivatives from its use and
circulation’ (O'Dwyer, 2020, p. 876). This for example implies producing a digital
original’ where its source and provenance is considered important enough to be
able to acquire value as a ‘unique’ digital object, but where ‘copies’ can neverthe-
less circulate freely. However, there are considerable doubts about whether the
possibilities afforded by distributed ledgers for new forms of digital scarcity will
challenge much of the economic dynamics of property rights, or financial specula-
tion and benefit producers of digital goods (Zeilinger, 2018; Lotti, 2016).

. Meanwhile, in some cases centralised control does not guarantee the maintenance of digital scarci-
ty either. This is evident not least from the Diablo 3 game: although the publisher—Blizzard Enter-
tainment—nominally had complete control over all aspects of the game, they could not forestall
runaway hyperinflation in the in-game economy (Mises, 2013).
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Issues currently associated with the term

At the time of writing, the culture around blockchains is still young, and it remains
highly politicised and polarised. This polarisation contributes to the confusion sur-
rounding digital scarcity as it relates to ideas of value. Proponents of Bitcoin in par-
ticular argue that it is the limited supply of bitcoins (and that alone) that gives
them 'intrinsic’ value whereas supporters of other blockchains (such as Ethereum,
Cardano, Polkadot) argue that utility of the network, its ‘extrinsic’ value, is far more
important. From their perspective, the limited performance of blockchain net-
works, which to the Bitcoin network is a feature, in fact inhibits the usability of the
network and therefore growth of value.

In the context of the Bitcoin blockchain, digital scarcity tends to refer to the limita-
tion on the total supply of bitcoin. The single-minded focus on Bitcoin's supply is
not without precedent. New bitcoins are created in a staggered process, intended
to replicate the dynamics of gold—it is increasingly hard to find, and the total sup-
ply is limited. Media theorist Golumbia (2016) traces these ideas in Bitcoin via the
Austrian school of economics to right-of-centre US monetary ideas (and hard right
conspiracy theories) that view the governance of money supply with deep suspi-
cion. This line of thought views the government's very purpose as being the theft
of ordinary people’s wealth by printing money and causing hyperinflation. The
broader consensus however is that good monetary governance, rather than no gov-
ernance, is key to addressing not only hyperinflation but also other economic con-
cerns. The correlation of hyperinflation with money supply draws on the Quantity
Theory of Money (QTM). There are several real world examples of hyperinflation,
from Zimbabwe (Ncube, 2019) to video games (Earle, 2013; Knowles et al., 2015, p.
248). But where proponents draw on QTM as a reason for absolute monetary and
digital currency scarcity, critics—most notably of the school of Modern Monetary
Theory, argue that money supply is not the main issue of concern, but rather how
the supply is governed and what it is directed towards (Kelton, 2020).

Conclusion

Digital scarcity describes a credibly maintained limitation, imposed through soft-
ware, of digital information, goods or services that may be accessed and used en-
tirely digitally. This includes limitations to entries in a ledger or database (includ-
ing cryptocurrency entries in a blockchain or top-level domains in the Domain
Name System), as well as limitations in access to computing resources such as net-
work addresses, bandwidth, or (again in the context of blockchains) transactions-
per-second, wherever these limits go beyond the physical limits imposed by hard-
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ware. The motivations for engineering digital scarcity tend to be in order to sup-
port business models that profit from scarcity or uniqueness in the digital realm.

Older usage of the term includes physical limitations in processing power and
bandwidth, and limitations in physical access to computing devices and computing
services. Since in such cases, scarcity is not imposed through software, it is includ-
ed in the history of the term but not in the current definition.
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