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Executive Summary  

Digital information is a vital resource in our knowledge economy, valuable for research 
and education, science and the humanities, creative and cultural activities, and public 
policy. But digital information is inherently fragile and often at risk of loss. Access to 
valuable digital materials tomorrow depends upon preservation actions taken today; and, 
over time, access depends on ongoing and efficient allocation of resources to 
preservation.  

Ensuring that valuable digital assets will be available for future use is not simply a matter 
of finding sufficient funds. It is about mobilizing resourcesñhuman, technical, and 
financialñacross a spectrum of stakeholders diffuse over both space and time. But 
questions remain about what digital information we should preserve, who is responsible 
for preserving, and who will pay.  

The Blue Ribbon Task Force on Sustainable Digital Preservation and Access investigated 
these questions from an economic perspective. In this report, we identify problems 
intrinsic to all preserved digital materials, and propose actions that stakeholders can take 
to meet these challenges to sustainability. We developed action agendas that are targeted 
to major stakeholder groups and to domain-specific preservation strategies. 

The Task Force focused its inquiry on materials that are of long-term public interest, 
looking at four content domains with diverse preservation profiles: 

Scholarly discourse: the published output of scholarly inquiry   

Research data: the primary inputs into research, as well as the first-order results of 
that research 

Commercially owned cultural content: culturally significant digital content that is owned 
by a private entity and is under copyright protection; and 

Collectively produced Web content: Web content that is created interactively, the result 
of collaboration and contributions by consumers.  

Economic analysis of digital preservation of these materials reveals structural challenges 
that affect all digital preservation strategies: (1) long time horizons, (2) diffused 
stakeholders, (3) misaligned or weak incentives, and (4) lack of clarity about roles and 
responsibilities among stakeholders. These risks, once identified, can be anticipated and 
provided for throughout the digital lifecycle. Major findings can be summarized as three 
imperatives for sustainable digital preservation. 

Articulate a compelling value proposition.  

When making the case for preservation, make the case for use. Without well-
articulated demand for preserved information, there will be no future supply. 
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Stakeholders for digital materials are often diffuse across different communities. 
The interests of future users are poorly represented in selecting materials to 
preserve. Trusted public institutionsñlibraries, archives, museums, professional 
organizations and othersñcan play important roles as proxy organizations to 
represent the demand of their stakeholders over generations.  

A decision to preserve now need not be thought of as a permanent or open-
ended commitment of resources over time. In cases where future value is 
uncertain, choosing to preserve assets at low levels of curation can postpone 
ultimate decisions about long-term retention and quality of curation until such 
time as value and use become apparent.  

Provide clear incentives to preserve in the public interest.  

The lack of clear incentives to act will stymie timely preservation actions. Policy 
mechanisms can play an important role in strengthening weak motivations. 
Lowering barriers to efficient decentralized stewardship can be spurred by 
individual creatorsõ use of nonexclusive licenses granting preservation rights to 
third parties. 

 Misalignment of incentives among stakeholders may occur between 
communities that benefit from preservation (and therefore have an incentive to 
preserve), and those that are in a position to preserve (because they own or 
control the resource) but lack incentives to do so. Policy mechanisms that can 
mitigate these problems include: financial incentives and other benefits to private 
owners who preserve digital materials for the benefit of the public; mandates to 
preserve when appropriate; and revision of copyright to enable preservation of 
privately owned materials by stewardship organizations acting in the long-term 
interest of the public.  

Define roles and responsibilities among stakeholders to ensure an ongoing and 

efficient flow of resources to preservation throughout the digital lifecycle.  

The strongest incentives to preserve will be ineffective without explicit agreement 
on the roles and responsibilities of all the actorsñthose who create the 
information, those who own it, those who preserve it, and those who make it 
available for use. Every organization that creates and uses data should implement 
policies and procedures for preservation, including: selection of materials with 
long-term value; preparation of data for archiving; and protocols to ensure a 
smooth and secure transfer of digital assets across organizational boundaries and 
between institutions.  

There is a particular risk of òfree ridingó with digital materials because the cost of 
preservation may be borne by one organization but the benefits accrue to many. 
Effective governance mechanisms are needed to aggregate the collective interest 
into an effective preservation strategy that ensures that the effort and cost of 
preservation are appropriately apportioned. 
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Funding models should be tailored to the norms and expectations of anticipated 
users. They should leverage economies of scale and scope whenever possible. 
Digital assets do not need to be treated as a public good in all cases. Market 
channels are often the most efficient means of allocating resources for preserving 
many types of digital content.  

Digital assets provided as market goods or otherwise privately held must have 
some provision for handoff to a trustworthy steward when the owner decides to 
stop preserving them, if those materials are of value to society. For materials that 
are not amenable to market provision and are at risk of lossñsuch as certain 
types of research data, Web-based materials, and digital orphansñpublic 
provision is necessary. 

Finally, as the rate of digital information production continues to escalate, it is 
vitally important to reduce the cost of preservation for all types of digital assets. 
Reducing the cost of storing materials, developing sustainable sources of energy 
to power preservation systems, and engineering ways to lower the cost of 
preserving, curating, and providing access are all important. 

There is a great diversity of preservation strategies among the content types that have 
long-term societal value. In the four domains evaluated, we were able to identify 
significant risks to sustainability and the near-term actions that stakeholders can take to 
remedy them.  

Scholarly discourse: This is a fairly mature field, with well-developed preservation and 
funding strategies as a legacy of the print world. Disruptions are occurring to 
longstanding sustainability strategies as a result of digital preservation and distribution. 
There are particular needs to align preservation incentives among commercial and 
nonprofit providers; ensure handoffs between commercial publishers and stewardship 
organizations in the interest of long-term preservation of the scholarly record; and 
address the free-rider problem. Clarification of the long-term value of emerging genres of 
digital scholarship, such as academic blogs and grey literature, is a high priority. Research 
and education institutions, professional societies, publishers, libraries, and scholars all 
have leading roles to play in creating sustainable preservation strategies for the materials 
that are valuable to them.  

Research data: There is a remarkable growth of data-intensive research in all knowledge 
domains. In most fields, there is high recognition of the benefits of preserving research 
data for various purposes and lengths of time. But there are few robust systems for 
making decisions about what to preserve; and there is often a lack of coordination of 
roles, responsibilities, and funding sources among those best positioned to preserve data 
(researchers) and the preservation infrastructure (curation and archiving services) that 
should support them. Research and education institutions, professional societies, archives, 
researchers, and the funding agencies that support data creation all have leading roles to 
play in creating sustainable preservation strategies.  
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Commercially owned cultural content: There are well-established preservation and 
access strategies undergoing fundamental changes as a result of new information 
technologies. This includes the creation, distribution, and consumption of cultural 
content, most evident in the emergence of interactive genres such as games and the 
creation of a long tail of use and reuse. As a result, there may be two forms of benefitsñ
commercial and cultural, or private and publicñthat compete with one another. When 
that occurs, proxy organizations must step in to represent the public interest. Leading 
players in preserving this content include private creators, owners, and trade associations, 
stewardship organizations, regulatory authorities, and leading national and international 
institutions that can sponsor public-private partnerships to ensure the long-term access to 
our digital cultural heritage.  

Collectively created Web content: The Web environment is marked by great 
dynamism, uncertainty about long-term value of digital content, and obscure ownership 
and rights issues for many collectively produced Web assets. The priority here is for 
stewardship organizations, content creators, hosting sites, platform providers, and users 
to model and test preservation strategies, and to provide clarification about long-term 
value and selection criteria.  

The Task Force identified important next steps for each of these content areas; they are 
summarized in Table 5.2.  

Sustainable preservation is a societal concern, however, and transcends the boundaries of 
any particular content domain. All parts of societyñnational and international agencies, 
funders and sponsors of data creation, stakeholder organizations, and individualsñhave 
roles in achieving sustainability. Leadership is needed at all levels of society. Table 5.1 
presents a summary of the action agendas for these major stakeholders. 

Areas of priority for near-term action include the following: 

Organizational Action 

 developing public-private partnerships  

 ensuring that organizations have access to skilled personnel, from domain 
experts to legal and business specialists  

 creating and sustaining secure chains of stewardship between organizations 
over time  

 achieving economies of scale and scope  

 addressing the free-rider problem 

Technical Action 

 building capacity to support stewardship in all areas  

 lowering the cost of preservation overall  
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 determining the optimal level of technical curation needed to operationalize 
an option strategy for all types of digital material 

Public Policy Action 

 modifying copyright laws to enable digital preservation  

 creating incentives and requirements for private entities to preserve on behalf 
of the public (financial incentives, handoff requirements)  

 sponsoring public-private partnerships  

 clarifying rights issues associated with Web-based materials  

 empowering stewardship organizations to protect digital orphans from 
unacceptable loss 

Education and Public Outreach Action 

 promoting education and training for 21st century digital preservation 
(domain-specific skills, curatorial best practices, core competencies in relevant 
science, technology, engineering, and mathematics knowledge) 

 raising awareness of the urgency to take timely preservation actions  

Sustainable preservation strategies are not built all at once, nor are they static. Sustainable 
preservation is a series of timely actions taken to anticipate the dynamic nature of digital 
information. Decision makers will always face uncertainties. Changes in technologies, 
policy environments, investment priorities, and societal concerns will unfold over the 
course of the digital lifecycle. But we can develop practices that resolve or anticipate 
uncertainties, that leverage resources among stakeholders, and above all, that leave 
options open for decision makers in the future. Sustainable preservation strategies will 
find ways to turn the uncertainties of time and resources into opportunities for flexibility, 
adjustments in response to changing priorities, and redirection of resources where they 
are most needed. Commitments made today are not commitments for all time. But 
actions must be taken today to ensure flexibility in the future. 

Above all, sustainable digital preservation requires a compelling value proposition, 
incentives to act, and well-defined roles and responsibilities. Digital preservation is a 
challenge for all of society because we all benefit from reliable, authentic information now 
and into the future. Done well, all of society will reap the benefits of digital stewardship. 
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Preface  

Digital preservation has received extensive attention both as a technical problem and, to a 
lesser degree, as a policy problem; yet to date, it has received comparatively little treatment 
as an economic problem. In its interim report, Sustaining the Digital Investment: Issues and 
Challenges of Economically Sustainable Digital Preservation, the Blue Ribbon Task Force on 
Sustainable Digital Preservation and Access traced the contours of digital preservation as 
an economic activity: that is, one where decision makers must make explicit and ongoing 
resource allocations in order to achieve long-term goals. The report offered a definition of 
economic sustainability in a digital preservation context, citing the conditions that must be 
met if digital preservation activities are to be economically sustainable over time. The 
report then examined a number of issues, challenges, and lessons learned, both 
institutional and systemic, attached to meeting these conditions, based on the testimony 
of speakers representing a broad swath of the digital preservation community, a review of 
published work, and of course, the expertise of the Task Force membership. 

In its final report, the Task Force builds on its earlier findings by developing a general 
economic framework for analyzing digital preservation as an economic problem, and 
employing this framework as a tool for analyzing the economic conditions and 
implications intrinsic to four key digital preservation contexts: scholarly discourse, 
research data, collectively produced Web content, and commercially owned cultural 
content. This analysis serves as a foundation for a body of findings and recommendations 
advanced at the end of the report. The recommendations address issues at a variety of 
levelsñlocal and system-wideñand are relevant to a variety of different types of digital 
information. 

The analysis in this report views digital preservation through an economic lens. While this 
perspective is quite revealing, it also has limitations. Real-life decision makers are not the 
abstract economic agents of textbook theories and models. Sometimes they will make 
choices that differ from what economic theory says they should do, and they may do so 
for good reasons. Readers should keep this caveat in mind. Also, our analysis is not a 
quantitative accounting of the costs of digital preservation, although the Task Force 
recognizes that understanding preservation costs, represented in terms of current and 
future monetary outlays, is a matter of considerable importance. Readers looking for an 
estimate of the cost of preserving a terabyte of data over a specified time periodña task 
over-laden with the details of a particular implementation and preservation contextñwill 
not find it here. Instead, we consider the broader economic setting in which preservation 
decisions are made, in particular the perceived value of a set of digital materials, the 
incentives to act to preserve valuable digital materials, and the roles and responsibilities of 
stakeholders sharing an interest in long-term preservation. As our report makes clear, 
these are the fundamental economic elements that ultimately shape the prospects for 
achieving long-term sustainability in a digital preservation context. 

Solving the economic challenges of long-term digital preservation is not an easy task, nor 
is it an insuperable one. As we hope this report makes clear, economically sustainable 
digital preservation is a tractable problem that can be organized into a set of well-defined 
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elements, summarized by the Task Forceõs definition of sustainability. The Task Forceõs 
final report offers findings and actions agendas we hope will be useful to decision makers 
as they address these sustainability elements. If there is one finding that perhaps merits 
special attention, it is that sustainable economics for digital preservation is not just 
about finding more funds. It is about building an economic activity firmly rooted 
in a compelling value proposition, clear incentives to act, and well-defined 
preservation roles and responsibilities. Lacking these ingredients, digital preservation 
effortsñand the materials in their careñhave little prospect of persisting over time; with 
them, our digital heritage will have a sound economic foundation for the future. 

Brian Lavoie 
Fran Berman 
Task Force Co-Chairs 

Abby Smith Rumsey 
Writer and Editor  
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Without preservation,  
there is no access 

Purpose and Background 

of t he Report  

conomically sustainable preservationñensuring the ongoing and efficient 
allocation of resources to digital preservationñis an urgent societal problem. 
It is urgent because digital information is inherently fragile, prone to 
information loss and degradation. Preservation insures against multiple risks 

to information assets over time. Such assets must be actively managed for sustained 
periods of time, using best practices for data stewardship across the full lifecycle of 
creation, description and curation, deposit in secure storage, use, and reuse. Some 
digital materials require relatively intensive levels of preservation to ensure usability, and 
others much less. But in all cases, access to information tomorrow depends on 
preservation actions taken today. A fundamental fact of digital sustainability is that 
without preservation, there is no access.  

Digital preservation is a societal challenge because information is a vital resource in our 
knowledge economy; it is critical to science, research and education, public policy, the 
creative industries, and the cultural heritage sectors that are the focus of our report. In 
the past decade, leadership organizations have engaged a broad spectrum of 
stakeholder communities to address digital preservation challenges from organizational, 
policy, and technical perspectives.1  And the storage industry has tracked data trends to 
anticipate archiving requirements in a burgeoning digital universe, only to find that the 
scale of digital creation is far outpacing the capacity to store the data. Figure 1.1 
presents one widely credited projection of current trends.2  

                                                                        

1 See, for example, Ensuring the Integrity, Accessibility, and Stewardship of Research Data in the Digital Age by the 
National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine of the 
National Academies. Available at http://www.nap.edu/catalog.php?record_id=12615. 
See also Preserving Our Digital Heritage: The National Digital Information Infrastructure and Preservation Program 2010 
Report. A Collaborative Initiative of the Library of Congress, forthcoming from the Library of Congress. More 
information on the Libraryõs digital preservation efforts can be found at http://www.digitalpreservation.gov/. 
See also The Digital Dilemma, by The Science and Technology Council of the Academy of Motion Picture Arts 
and Science. Available at http://www.oscars.org/science-
technology/council/projects/digitaldilemma/index.html. 

2 See J. F. Gantz, The Diverse and Exploding Digital Universe: An Updated Forecast of Worldwide Information Growth 
through 2001: International Data Corporation (IDC), 2008. 

Chapter  

1 

E 
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FIGURE 1.1 Growth of Information and Storage Trends   

Projected growth of global information creation outpaces growth of available storage.  
Source: IDC Digital Universe White Paper, sponsored by EMC, May 2009. Used with permission. 

1.1 Purpose of the Report  

Critical questions remain:  

 What digital information should we preserve? 

 Who will preserve it?  

 Who will pay for it?  

They are unanswered because we do not fully grasp the opportunities, constraints, and 
realities of sustainability from an economic point of view.3  These are the questions we 
address in this report. In the first phase of work, the Blue Ribbon Task Force on 
Sustainable Digital Preservation and Access (the Task Force) gathered information 
about current preservation activities and best practices. Our findings are published in 
an interim report, Sustaining the Digital Investment: Issues and Challenges of Economically 
Sustainable Digital Preservation.4   

In our second and concluding phase, we developed an economic framework based on 
our findings to get at the questions facing all preservation decision makers, such 
questions as: What is an appropriate investment in preservation and what is the return 

                                                                        

3 This was the challenge put to the Task Force by Dan Atkins, founding dean of the University of Michigan 
School of Information and founding director of the NSF Office of Cyberinfrastructure, at a Task Force 
session held July 29-30, 2009. 

4 See http://brtf.sdsc.edu/biblio/BRTF_Interim_Report.pdf. 
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on such investment? What are the tradeoffs between investments to create and use 
information today versus investments that enable future uses? How will a stakeholder 
community pay for preservation? As a result, we have been able identify a set of 
principles that should inform all preservation decision making and propose an agenda 
for further action. 

1.1.1 Scope of the Task Force Work  

This report addresses concerns that affect a wide spectrum of the digital universe. 
Digital information has become a fundamental and valued resource in fields that range 
from the natural sciences to the creative sector. Throughout this report, we use 
value in the broadest senseñincluding historical, ethical, aesthetic, scholarly, 
public policy, and institutional, which may or may not be financially 
quantifiable. Stakeholders in all information communities face a set of tough 
decisions about long-term management of the digital materials they create, use, add 
value to, and distribute for use. Each sector needs to assess the long-term value of its 
digital assets and understand the tradeoffs between benefits and costs in preserving its 
data, handing the data to some other stakeholder for long-term stewardship, or 
abandoning the resource.  

Decisions about longevity are made throughout the digital lifecycle. Bench scientists 
face a choice at the end of every research project about what to do with their data. 
Filmmakers wrapping up production must decide which production elements promise 
future productivity as long-term assets and how to pay for what they keep. 
Contributors to open-source code create a collective good that is everyoneõs 
responsibilityñand hence no oneõs in particular. The curatorial team at a museum that 
is bringing down an exhibition for which many original images and design materials 
were created faces similar decisions about what to retain and whose responsibility it is 
to provide and fund long-term retention. Preservation decision makers run the gamut 
from university provosts, foundations, and philanthropic funders to anyone who has 
created a website that has potential value for reuse.  

While digital preservation is a critical issue for every sector that creates and uses 
information, we focus our inquiry on digital materials that are of greatest importance 
for science and the humanities, research and education, public policy making, cultural 
heritage, and the creative industries. Within that range, we look at information in which 
there is a public or collective interest in long-term access and use, whether created in 
the private or public sectors. We address four specific information types:  

1. Scholarly discourseñthe published output of scholarly inquiry, including the 
ideas, theories, analyses of data, assessments of previous scholarship, and 
conclusions that collectively form the scholarly record  

2. Research datañthe primary inputs into scientific and other research, as well as 
the first-order results of that research 
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3. Commercially owned cultural contentñculturally significant digital content that is 
owned by a private entity and is under copyright protection 

4. Collectively created Web contentñWeb content that is created interactively, the 
result of collaboration and contributions on the part of consumers.5  

Our investigation and findings focus on preservation in the United States and the 
United Kingdom. The complexity and variety of political economies and legal systems 
worldwide preclude any comprehensive or significant analysis of sustainable digital 
preservation in other countries. However, by focusing on foundational economic 
matters, we believe that the Task Forceõs framework for analysis and recommendations 
are applicable across the globe in most domains of digital content. Digital preservation 
is an imperative that spans national boundaries; so, too, do its challenges.  

1.2 Background of the Report  

1.2.1 Phase 1 Findings  

The Task Force brought the expertise of preservation specialists, knowledge domain 
experts, and economists to bear on assessing the choices that preservation decision 
makers face. The first phase of our work was empirical. Through a literature review, 
testimony from experts, and additional research, we developed case studies of real-
world preservation activities in the domains of scholarly discourse, research data, 
commercially owned cultural content, and collectively produced Web content. These 
case studies, numbering close to two dozen, form the basis of our analysis in this 
report; they can be found in a separate report on the Task Force website.  

We identified five conditions that must be met for preservation to be sustainable.  

BOX 1.1 Conditions for S ustainable Digital Preservation  

Five conditions required for economic sustainability are:  

 recognition of the benefits of preservation by decision makers;  

 a process for selecting digital materials with long-term value;  

 incentives for decision makers to preserve in the public interest;  

 appropriate organization and governance of digital preservation activities; and  

 mechanisms to secure an ongoing, efficient allocation of resources to digital 
preservation activities. 

 

                                                                        

5 Public and corporate records are vital to preserve, but such records fall outside the scope of our work 
because there are well-articulated mandates for preservation and well-defined organizations with clear roles 
and responsibilities. For more about records, see Appendix 1. 



P U R P O S E  A N D  B A C K G R O U N D  O F  T H E  R E P O R T  

 13  

We found a number of practitioners who have well-developed strategies for analog 
preservation and are grappling with the challenges of sustainability as they play out in 
the digital realm. But even in domains with long histories of success in analog 
preservation and access, such as academic publishing and many of the creative 
industries, practitioners reported systemic problems in reconfiguring their preservation 
strategies for the realities of the digital marketplace because of deep structural 
disruptions in the nature of production, dissemination, and consumption of 
information. Many new forms of digital content are at special risk: Web-based genres 
such as blogs, collectively created sources such as Wikipedia and Flickr, and, in the 
sciences, a whole range of new data sets that result from digitally enabled forms of 
observation, analysis, and modeling. Digital preservation strategies face the following 
challenges: 

 uncertainty about selection criteria for assessing long-term value, especially 
with large-scale data sets, small òhand-craftedó digital collections, and the 
emerging genres of collective authorship on the Web; 

 misalignment of incentives between those who are in a position to 
preserve and those who benefit from preservation and access;  

 lack of clear responsibility for digital preservation, coupled with a 
prevailing assumption that it is someone else's problem;   

 little coordination of preservation activities across diffused stakeholder 
communities;  

 difficulty in separating preservation costs from other costs, that is, in 
distinguishing between the processes of making things available now and 
making things available in the future; and  

 difficulty in valuing or monetizing the costs and benefits of digital 
preservation, which are necessary to secure funding and investment. 

In this report we develop an economic framework for sustainable digital preservation 
based on the conditions necessary for sustainability (Box 1.1). The framework emerges 
from analysis of preservation services and preserved assets as economic goods and 
services, with special attention to the dynamics of supply and demand. 

Three essential components stand out as vital throughout our discussion of sustainable 
preservation: 

1. value and benefits derived from preservation 

2. incentives to preserve 

3. roles and responsibilities among preservation stakeholders 
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These three components are pivotal in developing preservation strategies that will be 
flexible enough to adapt to changes in uses, technologies, and stakeholder communities 
over the course of the digital lifecycle. Each component prompts decision makers to 
take actions to resolve uncertainties, leave open options for future stakeholders, and 
significantly lower barriers to sustainability.  

BOX 1.2 Value, Incentives, Roles an d Responsibilities  

Actions necessary for sustainability include:  

 assessing the value of preserved information, selecting materials for long-term 
preservation based on that assessment of value, and articulating a compelling 
value proposition to community stakeholders;  

 providing incentives for stakeholders to preserve digital assets directly or 
provide preservation services for others, and tailoring those incentives to the 
prevailing community norms and to information policy regulations and privacy 
considerations; and  

 defining the roles and responsibilities of individuals and institutions in 
preservation, specifying how actors and stakeholders are organized and how 
resources flow among them to ensure preservation.  

 

These components map to the five conditions necessary for sustainability. For the sake 
of simplicity, we focus on this trio of components for our analysis. We shall return to 
the five conditions that define sustainability again in our conclusion.  

1.2.2 Audiences for This Report  

Our report is intended to support and inform preservation decision makers including, 
but not limited to:  

 digital information creators, from scientific research teams to independent 
filmmakers, digital artists, and bloggers;  

 funders of digital information creation, such as federal or corporate research 
agencies, the creative industries, and private foundations; and 

 managers of digital information, located in organizations that range from 
universities and research labs to music production companies and social 
networking platforms that are responsible for data management in their 
day-to-day business.  

All who play a role in a preservation strategy are actors. All who benefit from access to 
and use of preserved information, or who support or fund those who do, are 
stakeholders. A distinctive feature of digital information is that to some degree, all actors 
in preservation are decision makers, whether they are aware of it or not. This is important 
to keep in mind when thinking about the organization of preservation activities 
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Digital preservation is a 
challenge for society 

because we all benefit 
from reliable, authentic 
information now and in 

the future 

because even actors who may be unaware of their implicit roles can be brought into the 
implementation of responsible digital stewardship activities. Digital preservation is a 
challenge for society because we all benefit from reliable, authentic information now 
and in the future. Done well, all of society will reap the benefits of digital stewardship. 

1.2.3 How to Navigate the Report  

Report Structure  

In Chapters 2 and 3, we develop a framework for and analyze digital preservation from 
an economic perspective. In Chapter 2, we focus on the nature of supply and demand 
for preservation and identify attributes of preserved information as an economic good 
that influence the choices available to preservation decision makers. In Chapter 3, we 
look at the risks posed by these attributes and the remedies that can address them. In 
Chapter 4, we look broadly at four preservation scenarios through an economic lens to 
identify some of the leading choices and tradeoffs facing decision makers in each 
context. We propose specific actions and recommendations that the leading 
stakeholders in each scenario can take to achieve desired preservation outcomes. In 
Chapter 5 we synthesize our findings into general principles of sustainable digital 
preservation, propose specific recommendations for concrete next steps, and identify 
the areas of further work and research that promise to advance both the knowledge 
and practice of sustainable digital preservation.  

Recommendations for Action  

Recommendations are proposed within the body of the report when appropriate: in 
Chapter 3 we propose remedies to preservation risks; in Chapter 4 we set forth 
domain-specific recommendations; and in Chapter 5 we set forth global 
recommendations, a set of recommendations aimed at organizational and individual 
actors, and a summary of recommendations (Tables 5.1, 5.2). 

Technical Concepts  

We draw on expertise from two knowledge domains with highly developed methods 
and specialized vocabulariesñeconomics and preservation. When we use a specialized 
term, we explain its meaning in context. We make use of several economic concepts 
that are explained at greater length in a series of appendices, referred to at relevant 
junctures in the report. For the sake of readability, we have not included lengthy 
citations within the report. We recommend that readers consult the Task Forceõs 
bibliography, available online.6  This includes a link to the interim report, which 
contains a literature review for digital preservation. 

Key Terms  

The terminology for digital materials and preservation processes varies among 
stakeholder communities. As a rule members of the scientific community refer to 
digital materials as data; further, they refer to activities that enable use and long-term 
accessibility as curation and archiving, which taken together, are called stewardship. In 
cultural domains and the humanities, digital materials are more often referred to as 
                                                                        

6 See http://brtf.sdsc.edu/bibliography.html. 
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content, and the activities that ensure their long-term availability are called preservation and 
access. Finding a common vocabulary among the many domains we address is not 
possible; unless speaking in a domain-specific context, we use the terms digital assets, 
materials, and information interchangeably. And unless indicated otherwise, references to 
preservation always mean digital preservation. Frequently used terms and acronyms are 
explained in the Glossary. 
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The Economic 

Perspective on Digital 

Preservation  

e turn now to preservation from an economic perspective. If the problems 
in sustainable digital preservation point to systemic failures, what can 
economics tell us about the systemic and structural problems? To start, if 
preservation experts tell us that without preservation there is no access, 

economists tell us that without the demand for access, there will be no preservation. 
Without well-articulated demand for access to preserved digital assets, there will be no 
supply of preservation services.  

Two themes emerge from this chapter. The first is the specific nature of preserved 
digital assets as economic goods, and how that nature affects supply and demand. The 
second theme is the role that time plays in the supply of and demand for those assets. 
The long time horizon of preservation raises the specter of uncertainty. A sustainable 
preservation strategy must be flexible enough to span generations of data formats, 
access platforms, owners, and users. The next chapter addresses the topic of time in 
greater detail. In this chapter, we describe preservation as an economic good and 
preface our economic analysis with a few clarifications about supply and demand. The 
dynamics of value, incentives, and roles and responsibilities are crucial to understanding 
how preservation supply and demand operates.  

2.1 Supply and Demand  

We know far more about the problems of supply of preservation services than we do 
about the nature of demand for preserved digital goods. This poses a problem, since 
without a well-articulated demand there can be no sustainable supply. This should be 
neither surprising nor disturbing, given how recently digital information has gained its 
foothold and how rapidly its patterns of creation and use have changed in just a matter 
of decades. On the supply side, there is a robust and well-developed preservation 
infrastructure to manage analog artifacts; and to the extent possible, it has been 
modified, updated, and reconfigured to manage digital assets. But analog materialsñ
books and journals, maps and manuscripts, film and audioñdiffer from digital assets 
in significant ways with respect to patterns of consumption, relative scarcity of supply, 

Chapter  
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W Without well-articulated 
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preserved digital assets, 
there will be no supply of 
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and copyright and privacy regulations. Appendix 2 describes in greater detail significant 
differences between analog and digital preservation.  

Even as the preservation community works to understand the implications of the 
differences between analog and digital preservation, it has moved quickly to address 
some of the fundamental challengesñtechnical, organizational, and policy relatedñto 
building out the digital preservation infrastructure. The community has done this, by 
and large, in the absence of well-articulated demand for long-term reuse, but with 
evidence of fairly heavy short-term reuse. But its understanding remains provisional in 
matters concerning new genres, such as social networking sites, and in managing 
scientific data produced on a scale that is unprecedented. As it turns out, the demand 
for reuse of data over even short periods of timeña year or lessñrequires some 
measure of data management that looks very much like preservation, and this has 
taught preservation managers valuable lessons. One of them is that preservation 
decisions can often be made òon the margin,ó as an incremental cost, and are often 
indistinguishable from decisions made to meet current demand. 

Preservation services can be supplied by one institution, or distributed across many. 
Actors and stakeholders can work individually or in small groups to effect long-term 
access, or they can make use of trusted proxy organizations to achieve their ends, using 
specialized skills and exploiting economies of scale. Preservation actors may be guided 
by the invisible hand of the market, or by centralized command and control. They can 
be open and permeable, or create their own walled gardens. How coordination among 
actors and stakeholders is best achieved depends upon the conditions prevailing in a 
particular context. However configured, though, no preservation system will be 
sustainable without a strategy that specifies clear lines of responsibility among the many 
actors, supported by a reliable flow of resources. Whatever preservation strategies 
are used, demand for preserved information must be articulated well enough to 
ensure there is sufficient supply.  

We describe here what we mean by value, incentives, and roles and responsibilities in 
general terms designed to illustrate how these components affect decision making. 
These descriptions are by no means comprehensive, and readers can learn more about 
how these components operate in specific preservation contexts in Chapter 4, 
òSustainable Preservation in Context.ó 

2.1.1 Value and Benefits  

When speaking about value, economists like to ask òWho benefits?ó or òWho cares?ó 
because well-articulated demand starts with a clear and compelling value proposition 
about the benefits to be gained by having, in our case, access to information at some 
point in the future. The value of information is not to be confused with its monetary or 
financial value per se, although it can often be denominated in currency. The value of 
digital assets is best understood as what digital materials are good for, and that is usually 
understood as the ways that the materials are usedñto advance knowledge, entertain 
or bring pleasure, help solve problems, or inform public policy.  
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Each user community will identify its own set of values and benefits in the digital 
materials they demand. For example, in scholarly discourse there is a clear community 
consensus about the value of e-journals over time. There is much less clarity about the 
long-term value of emerging forms of scholarly communication such as blogs, 
products of collaborative workspaces, digital lab books, and grey literature (at least in 
those fields that do not use preprints). Demand may be hypothesizedñsocial networking 
sites should be preserved for future generationsñbut that does not tell us what to do or why. 
Demand is diffuse, and the criteria for selection have not been formulated. An entity 
willing to supply such materials would not know what to collect, for whom, or for 
what purpose. The first challenge to preservation arises when demand is diffuse 
or weakly articulated. Addressing the matter of demand is always the first step in 
developing sustainable preservation strategies.  

 

FIG. 2.1 Layered Demand   

Figure 2.1 plots the layers of demand that reflect perceptions of value and influence selection processes. 
Stakeholders in the inner circle, who are closest to the assets because they create, own, or control them, 
will have the greatest say over what is preserved. Representing the interests of those whose demand is 
diffuse or can be anticipated only in the future becomes a central challenge for sustainable preservation 
strategies.  

Value propositions always include judgment about priorities for preservation. Selection 
is an expression of value. Deciding which digital materials to preserve over time means 
discriminating among many competing collections that demand limited resources. In 
some user communities, selection criteria favor small, discrete, highly curated sets of 
digital materials, for example, a reference collection such as the Worldwide Protein 

Selection is an 
expression of value 
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Data Bank.7  In other user communities, the scale of the materials under consideration 
is vast, and samples must be chosen. This is the case in selecting for longitudinal 
studies that rely on observational data, and it could also apply in the case of social 
network sites.  

Time is another variable of decision making. It may be a high priority to curate and 
preserve digital materials for relatively short periods of time, as is the case of the 
modeling data generated by simulations of early stages after the Big Bang.8  But those 
data may be abandoned after five or ten years in favor of newer or more precise data. 
In other cases, the priority is to maintain materials for the indefinite future. This is 
typically the case with culturally significant collections of music, still and moving 
images, literary texts, endangered language corpora, archeological evidence, seismic 
event records, and many historical collections. Metrics of value derive directly from the 
benefits of using the assets; they reflect the values of specific user communities and 
these values may well change over time.  

In some cases, the benefits of preservation may be most compellingly expressed in 
terms of negative benefitsñthe costs incurred if data are not preserved. These costs may 
reflect the time and effort needed to recreate the information or, if it cannot be 
recreated, the kinds of uses that would then not be possible. For classes of data that 
carry ethical issuesñhuman subject and animal research, archaeological sites, or extinct 
species and languagesñthe benefits of preservation are often better framed as 
mitigating the risks of unacceptable lossñunacceptable because the loss violates shared 
ethical standards. 

The value proposition is not a one-time declaration. Benefits can decline or be eclipsed 
by other priorities, and the value proposition must be revisited and re-articulated over 
the course of the digital asset lifecycle. But in all cases, the ultimate threat to persistent 
access to digital assets occurs when those responsible for preserving the materials 
decide that the cost of preservation exceeds the perceived benefits to them of long-
term access.  

2.1.2 Incentives  

Incentives to preserve are strong when there are clear self-interests involved. When the 
creator of the digital asset is the primary user as well as the owner, incentives to 
preserve are well aligned: the owner has both the incentive to preserve and the right. 
(This does not mean that they have the wherewithal to do so, however; incentives can 
motivate people to secure funding for preservation, but they do not in and of 
themselves provide funding.) In the case of e-journals, scholars as a community know 
that a complete record of scholarship is important for the advancement of knowledge 
and to validate scholarship built on past knowledge. In addition, individual scholars 
have incentives to preserve journals or monographs they have authored, as this 
product is a signal of their accomplishments and a metric used in the advancement of 

                                                                        

7 See http://www.wwpdb.org. 

8 See http://lca.ucsd.edu/portal/software/enzo. 
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their careers. Similarly, an artist or musician who produces and distributes under the 
auspices of a firm shares with that firm a strong incentive to preserve, as they both 
receive benefits. It is important to underscore that benefits are not by definition strictly 
monetary. There are many rewards that come from having access to preserved 
information. In the case of the artist and scholar, for example, enhancement of 
reputation and prestige, and the promise that an audience will always have access to 
their work can be powerful motivators. 

Two problems with incentives are commonly found in preservation contexts:  

 lack of a clear incentive to preserve; and  

 misalignment of incentives between communities that benefit from 
preservation (and therefore have an incentive to preserve), and those 
that are in a position to preserve (because they own or control it) but 
lack incentives to do so.  

Incentives can weaken or become misaligned when assets no longer serve their original 
purpose. For example, data sets created for research may be eclipsed by new, 
presumably better, data sets. The incentive to preserve the former data set may 
disappear, and the materials may be abandoned to redirect scarce resources to assets 
yielding greater benefits to researchers. In another example, a digital film or a collection 
of songs may be created that provide great entertainment value for a period of time. 
The revenues they generate support their creation and preservation. Once the owner 
finds that the asset is no longer generating enough to cover the cost of its preservation, 
the asset is at risk of loss.9  In both cases, a library, representing the future demand of 
historians or lovers of film or music, may have an incentive to preserve that content in 
the public interest, but it does not have the right to. This is where a handoff from those 
who have no incentive to preserve becomes necessary.  

Such misalignment is not unusual between the incentives of private entities to preserve 
content, and the greater societal interest in preserving the same content for the public 
benefit. As this last example shows, incentives to supply preservation services depend 
on clarity of ownership and rights, areas that are sometimes obscure in the digital realm 
and sometimes constrained by intellectual property laws and privacy issues. Copyright 
laws have worked somewhat efficiently with analog materials but are perpetuating 
unintended negative consequences for digital materials. No responsible institution will 
preserve materials to which it has no legal right. Libraries, representing future users, are 
able to preserve analog films and music because copyright law gives them rights to do 
so when they own physical copies.10  This is not the case when libraries license 
materials, the norm with digital content. We will return to the risks inherent in 
incentive gaps and misalignments, but note here that public policy can play an 

                                                                        

9 This period has lengthened considerably into a so-called long tail of demand because of digital reissues of 
backlist titles. 

10 In U.S. copyright law, these are sections 107 and 108. 
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important role in providing appropriate incentives to preserve valuable materials in the 
public interest.  

2.1.3 Roles and Responsibilities  

Even the strongest incentives to preserve will be ineffective without explicit agreement 
on the roles and responsibilities of all the actorsñthose who create the information, 
those who own it, those who preserve it, and those who make it available for use. 
There are many different ways of allocating those responsibilities among stakeholders, 
and often the allocations occur naturally. This is the case in much of higher education, 
for example, where universities support scholars to produce scholarship, and they 
support libraries to preserve that scholarship and make it accessible over generations.  

Preservation goals sometimes need to be supported by mandates to preserve. For 
some who receive such mandatesñfrom a funder, for exampleñpreservation is a 
relatively new responsibility. In such cases, there may not be a natural allocation of 
roles and responsibilities among those who create data, those who are in a position to 
preserve the data, and those who are responsible for making it available. Grant 
recipients will be able to abide by the mandate only if they can secure sufficient funds 
to prepare the data for deposit and identify an appropriate repository to receive the 
data. This structural problem in the allocation of those responsibilities is also seen in 
the arena of public and corporate records, where mandates to preserve can be stymied 
by a lack of capacity to do so.  

BOX 2.1 Definitions: Efficiency, Economies of Scale, and Economies of Scope  

Efficiency  

The term òefficiencyó refers to a situation in which one is producing a good or service at the 
lowest cost possible, everything else being equal.  The òeverything else being equaló clause is 
quite important.  If, for instance, the price of one of the resources used to produce the good 
goes down, the resulting cost decrease does not indicate an increase in efficiency.  Likewise, if 
one is able to reduce the cost of production by reducing the quality of the good, this is not an 
increase in efficiency.  If, however, one can find a new technique that allows one to produce the 
same, identical good at a lower cost, (with no changes in the price of inputs in the market 
having taken place) an increase in efficiency will have occurred. Efficiency is not the same as 
òcheap.ó  In many cases, the most efficient way to produce is still very expensive.  

Economies of Scale  

The term òeconomies of scaleó refers to a situation in which the average cost of producing a 
good (or service) declines as the scale of production increases. This could happen, for instance, 
if a firm can buy in bulk, taking advantage of lower unit costs on its inputs, or by allowing more 
specialization of its workforce, allowing each worker to become more efficient.  Economies of 
scale occur because the organization can spread its fixed costs over a larger and larger level of 
output as it expands in scale.  If a particular industry experiences economies of scale, this 
suggests that one very large firm can produce the product at a lower average cost than a 
number of smaller firms could.  
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Economies of Scope  

The term òeconomies of scopeó refers to a situation in which the average cost of production is 
lower when an organization produces a wider range of products, rather than just one.  This 
occurs because inputs can be spread over several different products rather than allocated to just 
one product.  For example, building a range of different collections may lead to reduced costs 
per document, because activities such as metadata creation, web development, and storage can 
be shared across the collections. 

 

With respect to the ongoing and efficient (cost-reducing) allocation of resources for 
preservation, even when incentives are in place, actors and stakeholders often do 
not have the meansñorganizationally or financiallyñto preserve valuable 
materials. Stimulating growth of capacity and funding to meet the demand is 
crucial. In the case of independent artists and musicians, who work outside of 
organizations with deep capacity for data management and preservation, the choice is 
between taking time and money to prepare their materials for preservation and finding 
someone who will take themñin theory, highly desirableñversus finding funds for 
the next production. Preservation priorities seldom prevail in such tradeoffs. There 
may be funding models that could provide resources to support preservation, but in 
some cases community norms will argue against using some funding models. A well-
known example is open access. In principle, everyone would benefit from unfettered 
access to scholarly discourse, especially scholarship produced with public funds. The 
potential downside for such an access policy is that if there is no provision for 
sustaining the data over time, preservation becomes an unfunded mandate. Open 
access is like any other form of access: without preservation, there will be no access, 
open or otherwise. 

2.2 Digital Preservation as an Economic Good  

We turn now to the economic nature of the goods and services under discussion. 
There are four core attributes that are common to all preserved digital assets. There is also 
a wide variety of context-specific attributes that further characterize preservation goods and 
services within certain knowledge domains and communities of users. Together, the 
core and context-specific attributes shape the choices available to decision makers and 
inform the nature of the tradeoffs facing each decision maker crafting a sustainable 
preservation policy. 
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FIGURE 2.2 Core Attributes, Context -Specific Attributes, and Choice Variables  

Choices available to decision makers are conditioned by core attributes common to all preserved digital 
assets and those that apply only within specific contexts. 

2.2.1 Core Attributes  

Preserved digital assets share four essential attributes as economic goods.  

1. The demand for digital preservation is a derived demand. 

2. Digi tal materials are depreciable durable assets. 

3. Digital assets are nonrival in consumption and create a free-rider 
potential. 

4. The digital preservation process is temporally dynamic and path-
dependent. 

Three of these attributes are common to all forms of preserved assets, including 
physical objects such as sculpture and paintings, books and maps, and historic 
buildings and structures. There is one attribute common to all digital information that 
is not shared by physical objects: its consumption is nonrival. This becomes a critical 
difference between preservation strategies that are effective for analog materials and 
those that are effective for digital assets. 

Preservation is a Derived Demand  

The value that preservation services produce is a derived demandñan activity that people 
undertake in the service of something else that they value. In the case of digital 
information, people care about the possibility of future access and use, and 
preservation creates that potential. To have access, they must also have preservation. 
For example, astronomers might place substantial value on preserving data captured by 
deep-space observation systems because having access to such data will help them 
advance their understanding of the universe in the future. The preserved data reflect 
past historical states, so loss of the data means that possibilities to reuse those data, 
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now and in the future, are lost forever. Because supply of preservation services follows 
from a well-articulated demand for preserved materials, it is important to frame the 
demand for preservation servicess as a demand for the product of those servicesñthe 
digital materialsñfor future use.  

Derived demand is a well-studied subject in economics and flows from an analysis of 
the production of goods and services. To illustrate, the demand for labor is a derived 
demand, for we are really interested in the fruits of the labor. Just as labor is an element 
of the cost of widgets or washing machines or a four-course meal at a three-star 
restaurant, so too is preservation an element in the cost of being able to use scholarly 
literature in research or watch Casablanca streamed into your home. The demand for 
physical capital (or infrastructure) is similarly a derived demand.  

The mechanisms by which derived demands are articulated in the marketplace are 
highly variable. Economic principles tell us that markets sometimes do a good job in 
providing for derived demands, but in other cases markets fail. When they do, 
nonprofits and public entities have an important role to play. This is particularly true 
for digital preservation. One reason that markets have limited success with preservation 
is that the demand is not articulated until well into the future, or comes from 
stakeholders who are not well represented in the decision-making process. Unless 
actions are taken in the present, before demand is articulated, there will be no supply of 
preserved digital materials. There are few market incentives that reward investing in the 
unknowable value of nonrivalrous goods (we talk about nonrivalrous consumption 
later). Another reason that markets have limited success with preservation is that 
demands for digital preservation are context-specific: they vary across disciplines, 
genres, and types of data. Each context taken separately may not make enough of a 
market to spur supply. This, combined with the natural human tendency to focus on 
short-term gains at the expense of the longer term, means that the market today is 
unlikely to adequately represent the perspectives and values of future generations. 
Appendix 3 provides general economic thinking about why markets can fail in this 
situation. When markets fail to meet the demand for societal benefit, the public sector 
typically steps in.  

Because preservation is a derived demand, the decision to preserve will 
ultimately be based on the perceived value associated with the digital materials 
over time. 

Preserved Digital Materials are Depreciable Durable Assets  

A depreciable durable asset is something long-lasting that produces a flow of value over 
time, with the quality and quantity of the flow declining over time if actions are not 
taken to maintain the viability or productivity of the asset. Thus, any digital object for 
which we contemplate future use and which will require some degree of preservation 
to ensure usability in the future can be thought of as a depreciable durable asset. 

Depreciation of digital assets occurs in two ways that have economic consequences. 
First, there is simple physical depreciation, which typically takes the form of substrate 
deterioration, file degradation, or both. When that occurs, an object may no longer be 
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identical to the object as it was first created, analogous to a wooden chair drying out 
and cracking, causing the arms to loosen and the legs to wobble over time.11  The 
second type of depreciation is intellectual or logical, which affects the ability to make 
sense of a digital file that is physically intact, but is in an old or incompatible file format. 
Dependencies on software and hardware, both subject to relentless change, make 
technical obsolescence a constant threat. File format incompatibility between different 
versions of the same software can render a file illegible. As a rule, the more complex 
the file format, the more effort must go into preserving it. Having well-documented file 
formats is essential for the future intelligibility of data, so metadata and format 
documentation are integral elements in preservation. This may add upfront costs for 
the creation of sustainable digital assets and their deposit into a repository, and it 
imposes ongoing costs on preservation.  

Deciding which form of preservation is most suitable for which digital asset is 
intimately tied to value. It is important to understand the essential feature of the 
information that makes it most useful and thus which technical system will keep the 
digital asset most usable. For some data, migration from one system to another over 
time will suffice. For others, in which the òlook and feeló of the original software and 
hardware are crucial to its value, emulation is better suited. Experiential and aesthetic 
criteria usually suggest emulation, as is the case of art works or games. In the case of 
records, a court will demand that the digital evidence be submitted in the form in 
which it existed at the time the action under litigation occurred.  

Mitigating both the threat of physical degradation and loss of functionality and 
intelligibility can increase the cost of preservation, but without such safeguards, the 
ability of users to access and use the information is at risk. We recommend that 
research be conducted on how to reduce the costs of preservation by engineering 
automated metadata extraction, reducing power consumption by servers, and 
instituting other engineering optimizations.  

Because digital materials are depreciable durable assets, we must make 
ongoing investments in their maintenance if we are to sustain their value-
creating capacity over time.     

Preserved Digital Materials are Nonrival in Consumption  

Thus far, our discussion of preservation as an economic good could apply to both 
analog and digital objects. The third key economic characteristic of digital assets is 
crucially different: digital assets are nonrival in consumption as a general rule. This means 
that one personõs use of a digital asset does not impede or detract from another 
personõs use of the same. Once on a server, a digital asset can be consumed by many 
users simultaneously; the cost of adding one or dozens more users of the asset is close 
to zero.12  Such is not the case for analog objects. If I am reading a copy of a book, you 

                                                                        

11 In preservation, the perfect identity of a current object with its original state is referred to as authenticity, that 
is, when an object is what it purports or appears to be, and is usually highly prized as such. 

12 Of course, there can be degraded performance and congestion if many people hit the same server at once. 
And there are usually some marginal costs, associated with accounting, management, and so forth, of adding 
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cannot read the same copy. If a film studio does a wide film release in many theaters, it 
must make many copies to play in those many theaters. In contrast, once created, 
digital materials can be shared at essentially no incremental cost, creating significant 
economies of scale. The economic consequences of this technical characteristic are 
enormous. Generally, goods that are nonrival in consumption will not be efficiently 
produced and distributed via free markets.13 Moreover, from the perspective of 
producers, the fact that such goods are very easy to copy means that any market model 
of production and preservation must include provisions to prevent unauthorized (and 
unremunerated) reproduction. 

The fact that digital assets are nonrival in consumption can be of enormous benefit 
from the viewpoint of users. Data useful to one scientist will be useful to many, and 
discoveries made from research of those data may be better or more efficient if shared. 
Astronomical and physical data generated by large surveys and experiments can be 
posted in ways that make it easily available to scientists around the world. But even this 
happy scenario poses a free-rider problem. For an object of value that is nonrival in 
consumption, it is in the interest of all actual and potential consumers, now and in the 
future, that someone pay to make the object available now, and that someone preserve 
it for future use. But the best outcome for any individual user or potential user is that 
someone else undertake the requisite expense; hence the free-rider problem. 

Even where there is a sustainable model that involves charging for access to preserved 
digital assetsñto obviate the free-rider problemñthe result can be economically 
inefficient. Some people who would benefit from access, and would be willing to pay 
something to get it (though not the fee demanded), will be denied access even though 
the cost of providing it to them is zero. Consider a museum that charges for entry, 
excluding people who cannot afford the entry price even though the cost of an 
additional visitor is often relatively small.14  The museum policy is designed to cover the 
long-term and fixed costs of preservation and access. As a technical matter, when 
goods of any kind are nonrival in consumption, exclusion of individuals is inefficient. 
This is because the benefits or value the person would realize by being allowed to enter 
the museum exceed the costs of allowing them to do so. Data services supported by 
subscription fees are similar. All social scientists could conceivably benefit from 
unrestricted access to data held in social science research archives, such as the Inter-
university Consortium for Political and Social Research (ICPSR).15  But ICPSR has 
chosen to impose a fee on users of its archives to support the service it provides. 
Hence, nonrivalrous consumption creates a tradeoff: often a sustainable economic 

                                                                                                                                                                                              

more users to a system. There may be even greater costs as system capacities are approached or exceeded; for 
example, new hardware might need to be procured and software/algorithms may need to be revised to scale 
past current capacity limitations. But for the most part, one personõs reading of a journal article or viewing of 
a YouTube video or downloading of a book or a movie has no effect on the ability of many others to do 
exactly the same thing at the same time. 

13 See Appendix 3 on market failures in these circumstances. 

14 In practice, museums often use multipart pricing models distinguished by fee reductions for certain times of 
the week, or for students or senior citizens. Tiered pricing is frequently used in such circumstances to mitigate 
the societally undesirable exclusion of people with limited means. 

15 See http://www.icpsr.umich.edu. 
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model can be devised that excludes use by those unwilling to pay a given fee; however, 
exclusion in this way results in some loss of economic benefit to those excluded, at no 
saving in cost, and hence there is a loss of economic efficiency.  

Preserved digital assets are nonrival in consumption because once one party 
preserves the assets, they are for all intents and purposes preserved for all. In 
these circumstances, the incentive for any single party to incur the cost of 
preservation is weakened, since the other parties can free ride on the benefits. 

Preservation is Temporally Dynamic and Path -Dependent  

There is one more attribute essential to the economic analysis of digital preservation, 
one that complicates all other attributes: preservation is temporally dynamicñit takes place 
over time. This simple and obvious fact means that our ability to use preserved 
materials in the future, and the cost and quality associated with that use, are affected by 
what we do today. Moreover, the relationship between current behavior and future 
possibilities is always at stake: it is modified by what has been done in the past and is 
always modifying what can and will be done in the future. In formal economic terms, 
preservation decisions are path-dependent.  

When devising preservation strategies, time is best understood not by the calendar, but 
by a conceptual framework, such as the information lifecycle model. Here we see time 
compressed into imprecisely defined spans, such as now, soon, and later; or stages of 
the process, such creation, use and reuse, and storage. By making a set of reasonable 
simplifying modeling choices, we can reduce the infinite range of possibilities into a 
finite and tractable set of alternatives. The moments of greatest vulnerability occur with 
regularity at certain junctures in the lifecycleñat the point of creation, when decisions 
are first made about the long-term value of the data and preliminary decisions are made 
about whether to preserve or abandon an asset; at the point when the current owner or 
custodian of the asset determines that the cost of preservation outweighs the benefits 
of access to the asset; and at any moment when there is a transfer in physical custody 
or ownership of the assets. 

Our ability to use 
preserved materials in 
the future, and the cost 
and quality associated 

with that use, are 
affected by what we do 

today 



T H E  E C O N O M I C  P E R S P E C T I V E  O N  D I G I T A L  P R E S E R V A T I O N  

 29  

 

FIGURE 2.3 Traditional and Digital Information Lifecycles  

In contrast to traditional preservation, digital preservation is a dynamic process with multiple actions 
taken over the course of the digital lifecycle. 
Source: Preserving Our Digital Heritage: The National Digital Information Infrastructure and 
Preservation Program 2010 Report. A Collaborative Initiative of the Library of Congress, forthcoming. 
Used with permission. 

Figure 2.3 shows that analog preservation is largely linear with a focus on fixing 
information to physical objects; the conservation of these physical objects becomes the 
mode of preserving the information. Microfilming a deteriorating book or copying an 
audiotape to preserve information becomes important from time to time. But such 
copying or reformatting of physical artifacts is not a common occurrence, unlike the 
copying and backup that is necessary in digital archives. Digital preservation requires 
more active management of materials over time and demands different resources at 
different moments. Above all, the legal provisions that protect ownership and access in 
digital assets create technical barriers for preservation where there are none for analog 
preservation. (For more detailed discussion of the salient differences between these 
two types of preservation, see Appendix 2.) 

However one chooses to reduce this infinite range of possibilities into more finite 
increments, the temporal nature of digital preservation poses unavoidable problems. 
They include irreversibility and the coincidence and divergence of interests.  

Irreversibility is a well-known if still troubling problem. If data (and enough 
information to render them) are lost, they are lost forever. Further, if the metadata and 
other documentation that renders them intelligible are lost, even well-preserved bits 
may not be usable. But time can wreak havoc not only on data, but on stakeholder 
interests as well. Over time the interests of stakeholders sometimes align and 
sometimes diverge. In each preservation scenario we can distinguish three pivotal 
rolesñusers or beneficiaries who demand preserved digital objects, owners of digital 
assets, and archives which together supply preserved digital objects. Preservation works 



S U S T A I N A B L E  E C O N O M I C S  F O R  A  D I G I T A L  P L A N E T  

30  

best when the interests and actions of these users, owners, and archives can be aligned 
in an economic strategy and operationalized in a business model. When the interests 
(perceptions of value) and actions (incentives) are in alignment, sorting out the roles 
and responsibilities of the three entities can be straightforward, even if there is 
jockeying among the three about who pays òthe most,ó that is, more than they want to. 
By the same token, long-term preservation is more difficult when the roles are diffuse 
or fragmented. Preservation is most difficult when these three roles are diffuse and 
change over time.  

The critical nature of temporal dynamics and path-dependency is particularly evident at 
junctures when handoffs of digital assets occur, handoffs that usually result from 
changing perceptions of value and incentives. One set of handoffs is technical in 
nature, when the systems for physical or logical preservation must be updated. At such 
points, there will likely be some level of data loss, and skilled preservation personnel 
think deeply about "what we can afford to lose" when they design their systems. 
Another type of handoff occurs when there is a change in organizational custody. If a 
commercial company were to let go of its assets because they are no longer profitable, 
or because the company is going under, it becomes imperative that assets determined 
to be of long-term public value move to an organization that can and will assume their 
stewardship. Domain experts also report vulnerabilities when a stewardship system that 
requires personnel with highly specialized knowledge and skills undergoes staff 
turnover and is unable to replace needed expertise. In short, there are technical risks, 
inter-institutional risks, and intra-institutional risks that will cascade over time. 

The path-dependent nature of preservation decision making means that 
decisions made at any time shape future conditions and determine the range of 
future choices. 

Context -Specific Attributes  

In addition to core attributes, there are features specific to a data type or user 
community that constrain choices among preservation strategies. Context-specific attributes 
vary in significant ways among scenarios, because they map to the particular type of 
digital content being preserved, such as observational data of natural phenomena, 
individual works of creative expression, or interactive games with multiple players.  

Engaging context experts to identify these context-specific attributes is critical 
for a designing a sound preservation strategy. Understanding what it takes to 
sustain data generated by satellites in Earthõs orbit or by the Large Hadron Collider 
requires knowledge not only of the data and its technical requirements, but of the 
needs of knowledge-domain experts, be they climate scientists or particle physicists. 
Developing strategies for the preservation of cultural materials requires similar 
expertise, because they, too, come with an array of considerations that determine the 
choice variables for preservation strategies. These might include intellectual property 
rights that affect conditions of access, and the experiential or phenomenological 
aspects of digital cultural materials. The following chapter provides examples of how 
context-specific attributes play out in a variety of ways in the four content areas of our 
focus.  
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BOX 2.2 Context -Specific A ttributes  

Context-specific attributes shape or constrain choices in sustainable preservation strategies. The 
following attributes, arranged along vectors of value/incentives/roles and responsibilities, can 
vary according to what is being preserved. The list, while not comprehensive, highlights the 
range of possibilities within a given scenario. 

Value  

 Digital assets have value in the aggregate (and can/cannot be sampled for 
preservation); or as individual digital objects (with diminishing value in preserving the 
entire class of knowledge assets) 

 Digital assets represent historical information such as cultural or natural phenomena 
that no longer exist; data gathered in clinical trials or other instances where ethics rule 
out repeatability; or data that can be easily replicated 

 Patterns of demand are distributed over time with relatively intensive use in the short 
or medium term with use declining over time; with steady intensity over the long term; 
or in some combination 

 User communities are the same over the short and long term (such as users of 
academic e-journals); or are two distinct groups, with little overlap between short-term 
users and long-term users (as might be the case with blogs) 

Incentives  

 Incentives for decision makers to act in the public interest are aligned with 
beneficiaries and providers; or are misaligned and at odds with beneficiaries and 
providers 

 Digital assets are protected by copyright; must be protected for confidentiality or 
fiduciary reasons (clinical-trial data, communications between lawyer and client); or are 
in the public domain and legally non-excludable  

 Costs for preservation are frontloaded, with operating costs relatively low; low at the 
point of ingest or acquisition but with relatively high maintenance costs; or some 
combination of the two 

 Costs of preservation are borne by beneficiaries and users directly; by intermediaries 
such as libraries who represent the interests of users; or by volunteers with a mix of 
incentives, such as content collectors or scientists who contribute their time to develop 
and maintain a common resource 

Roles and Responsibilities  

 Key actors in preserving digital assets (the beneficiaries, the owners, and the 
preservers) are well-defined; diffuse; or some combination  

 Roles and responsibilities of stakeholders for preservation are clear or fall into a natural 
allocation; unclear and/or unspecified; or clear and well defined in the present but will 
not be in the future  
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2.2.2 Choice Variables   

So far, we have focused on factors that are beyond the control of decision makersñ
those intrinsic to a given environment, intrinsic to the process of preserving digital 
materials, or intrinsic to the materials themselves. The last piece of the puzzle in 
sustainable preservation is the one most familiar to preservation stakeholdersñthe 
choices available to decision makers in designing sustainable preservation strategies. In 
most cases, the appropriate strategy for economic sustainability will emerge from a 
combination of the conditions prevailing in the environment and the choices made by 
various actors.  

Choice variables are not attached to any particular class of digital assets and we find 
many of them across a spectrum of preservation strategies. Some contexts allow more 
flexibility for decision makers than others. There may also be cases when choices make 
economic sense, but do not meet the accepted norms of a given community. Charging 
users fees to read or contribute to a blog is not a viable choice, for example.  

Choice variables are found on both sides of the supply and demand equation. In most 
cases, preservation decision makers have some discretion over the following questions:  

 Who benefits from use of the preserved asset? 

 Who selects what to preserve? 

 Who owns the asset? 

 Who preserves the asset? 

 Who pays? 

Who Benefits  

A decision maker may have the discretion to choose between restricting the benefits to 
a limited group, or making them freely available to all. For example, ICPSR manages 
and preserves collections of social science research data. Some of the data are made 
available free of charge, but other data are accessible only if the researcher is affiliated 
with a dues-paying member institution, or pays a per-use fee. In contrast, the 
Worldwide Protein Data Bank makes its data collections freely available to all. Funding 
for the effort is provided not by the direct users of the data (either the researchers or 
their institutions), but by a variety of public agencies, institutes, and philanthropic 
organizations. If either the free-access or pay-per-use model proved to be unsustainable 
over time, decision makers would need to revisit their options and make a different 
choice. 

Who Selects  

Similarly, decisions must be made about what to preserve. In most cases, selection 
criteria are highly flexible. For example, the Sloan Digital Sky Survey (SDSS) manages a 
range of data types including raw data collected directly from instrumentation and 
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processed data representing derived forms of raw data.16  Generally, both the raw data 
and the processed data are preserved, but this need not be the case. Because the 
processed data can usually be recreated from the raw data, it may not always be 
necessary to preserve the former along with the latter. Wikipedia presents another 
interesting selection policy: currently, the online encyclopedia chooses to preserve a 
complete record of all changes made to each entry, as well as community discussion 
related to these changes. Other preservation contexts adopt more circumscribed 
selection strategies. For example, the Law Library of Congress collects and preserves a 
set of legal blogs it believes are particularly significant; it does not attempt to 
comprehensively preserve the entire legal blogosphere. 

Who Owns  

Ownership and control are important determinants for sustainability, because the 
individual or group who owns or has effective control over digital materials often has 
ultimate power, as well as responsibility, for developing and implementing preservation 
strategies. Sometimes, decision making can be decentralized: that is often the case with 
institutional repositories. Repository services are made available to faculty members, 
who then decide whether or not they will deposit data sets, preprints, learning objects, 
and other materials. In some cases, faculty members even control the level of access 
permitted to the materials they deposit. In other contexts, preservation decision making 
is centralized within proxy organizations. For example, a research library acts on behalf 
of its constituent faculty and students to take the steps needed to ensure that its 
collections remain accessible and usable over time. In still other cases, it is society that 
decides preservation strategy, through public agencies that issue preservation mandates 
to ensure that certain public objectives are fulfilled. The Federal Aviation 
Administration, for example, mandates that aircraft companies preserve aircraft design 
data as long as a particular aircraft model is in operation.  

Who Preserves  

The allocation of preservation responsibilities can vary widely and is usually bound up 
in such issues as ownership, perceived economic value, and existence of internal 
preservation capacity. The increasing volume of movie studio output in digital form, 
which is a highly valuable corporate asset, is for the most part managed internally by 
technical specialists employed by the studios themselves. However, this is not always 
the case: many analog films have been turned over to third-party archives, such as the 
Library of Congress or the UCLA Film Archives, for long-term preservation in the 
public interest. Scholarly publishing has seen content owners, usually publishers, cede 
digital preservation responsibilities to third-party services such as JSTOR or Portico, 
while other publishers have chosen to keep this responsibility in-house.17  The Internet 
Archive is an initiative explicitly set up to take on preservation responsibilities that 
others do not exercise.18  It collects and archives regular snapshots of the Web, 
although website owners can opt out of the archive if they choose.  

                                                                        

16 See http://www. sdss.org. 

17 See http://www.jstor.org; http://www.portico.org. 

18 See http://www.archive.org. 
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Who Pays  

In some cases, the choice of who will pay is inherent in the nature of the organization 
vested with the responsibility to preserve. National libraries and archives are funded by 
society as a whole, through general taxation mechanisms. In other preservation 
contexts, the choice can be more explicit. JSTOR, a not-for-profit e-journal repository 
service, allocates the costs of its services to the intermediaries or proxy organizationsñ
universities, colleges, museums, librariesñthat act on behalf of affiliated scholars who 
use the journals for research and learning. ICPSR adopts a hybrid approach, charging 
membership fees to institutions, or charging per-use fees to unaffiliated individuals. 
Finally, on-demand digital archiving services such as Iron Mountain allocate the costs 
of preservation to those who directly benefitñthose that choose to purchase their 
services, such as a company wishing to archive e-mail or other internal 
documentation.19  

2.2.3 Summing Up  

Viewing preservation through an economic lens shows that there are structural and 
systemic problems in providing sustainable digital preservation. These structural 
problems can, however, be offset by certain choices and remedies that reduce barriers 
to sustainability. In the next chapter, we take a closer look at those remedies, focusing 
in particular on the effects of the path-dependency and temporal dynamics inherent in 
digital preservation. Somewhat paradoxically, it is the very dynamic nature of digital 
assets and their value that offers the key to ensuring sustained access. The passage of 
time is not just a potential threat to digital asset longevity; it can also be a source of 
flexibility and discretion to decision makers when sustaining valuable materials for long 
periods of time. 

                                                                        

19 See http://www.ironmountain.com. 
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Addressing Economic 

Risks t o Sustainability   

nsuring that valuable digital assets will be available for future use is not simply 
a matter of finding sufficient funds. It is about mobilizing resourcesñhuman, 
technical, and financialñacross a spectrum of stakeholders diffuse over both 
space and time. However, the core attributes common to all digital assets, 

explored in the previous chapter, create fundamental structural problems for 
preservation. An economic good having the core attributes of being a derived demand, 
a depreciable and durable asset, nonrivalrous in consumption, and temporally dynamic 
and path-dependent will always encounter problems aligning incentives among the 
beneficiaries, owners, and preservers.20  

To determine how precisely those attributes may pose problems for sustainability, we 
can ask: 

 Who benefits from use of the preserved asset? 

 Who selects what to preserve? 

 Who owns the asset? 

 Who preserves the asset? 

 Who pays? 

If answers to these questions are all the sameñwhen those who receive the greatest 
benefit from access to digital assets are the ones who decide what to preserve and are 
in a position to ensure that the assets are preservedñthen the prospects for 
sustainability are bright indeed. Under those circumstances, there will be close 
alignment of perceived value, incentives to preserve, and appropriate organizational 
arrangements and allocation of resources to sustain preservation. As a rule, the more 
closely aligned the distribution of benefits and costs, the more sustainable the activity. 

                                                                        

20 A good mechanism design should suggest ways to strengthen incentives where possible. For more about 
mechanism design, see Appendix 4. In this chapter, we take up ideas suggested by this field as they apply to 
preservation. 
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However, we have also seen that this can never be the case with preservation because so many 
benefits flow to future generations, as well as to users who are neither proximate to nor 
have control over the assets. Our case studies indicate that there are numerous ways to 
compensate for poorly articulated demand, gaps in incentives, and sustained periods of 
technical, organizational, and financial changes.  

At first blush, the particular nature of preserved assetsñespecially their nonrivalrous 
consumption, temporal dynamism, and path-dependencyñare characteristic of goods 
that often require public provision. And indeed, public provision is important for 
preserving assets with long-term societal value. But it is far from the only form of 
provision possible, particularly in the short run and in early stages of the digital 
lifecycle. Digital materials are a vital and significant resource for contemporary 
commerce, public affairs, entertainment, research and education, and most sectors of 
the economy that rely on information. In many cases, people acting to ensure that they 
have continued access to the assets under their control are effectively preserving 
materials of value to themñhistorical, cultural, informational, or other kinds of 
benefitsñfor at least some period of time. In this chapter, we focus on the remedies 
that help mitigate some of the most common systemic risks to sustainable 
preservation.  

3.1 Systemic Problems with Demand  

3.1.1 What to Do When Demand is Diffuse or Weakly Articulated  

Sustainable digital preservation needs a demand sufficient to cover the cost of 
supply. But demand is often spread across present and future generations, and also 
across diffuse communities. Who articulates the demand of future users? This is where 
proxy institutions, sanctioned to act on behalf of present and future stakeholders, come 
into play. Proxy organizations broaden the base of demand and provide efficiency of 
effort by representing numerous stakeholders who do not have the wherewithal to take 
timely actions. 

Proxy Organizations  

Libraries, archives, and museums are the most familiar proxy organizations 
representing the interests of one or more stakeholder groups, both in demand and in 
supply.21  We can expect them to continue in the digital realm, and public and private 
funding should continue to flow to support their public missions. But they are not the 
only important agents. In cohesive communities with shared values, professional 
societies such as the American Association for the Advancement of Science and the 
Academy of Motion Picture Arts and Sciences can raise awareness, aggregate demand, 
stimulate supply, and specify solutions that meet the targeted needs of their domain. 
Where there are no such institutions, they should either be created within a domain, or 
domain experts should reach out to partner with libraries, data repositories, and other 
proxy organizations with which they can develop a trusted relationship.  

                                                                        

21 See Appendix 5 for more about proxy organizations and the representation of stakeholders. 
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Various stakeholder communities in science have created proxy organizations to 
represent their data interests, including addressing criteria for selecting materials with 
long-term value. The Data Preservation Alliance for the Social Sciences (Data-PASS) 
takes a broad view of its community to identify, acquire, and preserve high-value data.22  
The Astrophysical Research Consortium (ARC) is responsible for representing the 
interests of domain scientists in SDSS. An ideal and efficient stakeholder organization 
would articulate constituent demand, promulgate best practices, develop selection 
criteria, and have the authority to enter into contractual relationships with archives.  

3.1.2 What to Do When Future Value is Unc ertain  

When the future value of an asset is uncertain, the likelihood of long-term preservation 
can well depend on current use cases. Preserving materials with clearly defined current 
uses implicitly creates the option of having the assets available for as-yet-unknown uses 
that may emerge in the future. Therefore, to the extent possible, value propositions 
should focus on the benefits generated for current usersñabout whom decision 
makers are understandably most concernedñrather than focusing too much on 
benefits to future generations and unknown future uses. But sometimes this is just not 
enough. 

Option Strategy to Avoid Irreversible Loss  

Given the path-dependent nature of digital assets, it is important to think of selection 
decisions that leave options open, but are not necessarily long-term or open-ended 
commitments that can deter responsible decision makers. Hedging against irreversible 
loss is especially important for certain classes of assets such as historical records, 
observational data, or clinical trial data that are simply irreplaceable. In such cases, the 
benefits of preservation can be compellingly articulated in terms of negative benefitsñ
the costs that will be incurred if digital assets are not preserved.  

 

 In cases where materials may have future value but that value cannot be projected with 
reasonable confidence, the option strategy of modest initial investments in preservation 
                                                                        

22 See http://www.icpsr.umich.edu/DATAPASS. 

BOX 3.1 Option Strategy for Materials of Uncertain Long -term Value  

When future conditions are particularly uncertainñas they are for prospective future demand 
for many categories of digital materialsñit is often economically justified to make a small 
current investment that in effect purchases the option to make a choice sometime in the future. 
For example, if the decision is made not to preserve a set of currently popular, high-traffic blogs 
because of uncertainty over future interest or use, this decision is irreversible; it cannot be 
changed later should a clear and compelling demand for those materials emerge. On the other 
hand, if a small investment were made in saving the blogs in secure storage, with no additional 
curation, decision makers could choose to intensively curate the blogs at some future date, 
should conditions warrant. Preservation decision makers facing uncertain future demand for at-
risk digital content should consider purchasing an option to postpone the final preservation 
decision until future uncertainties are at least partially resolved.  
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can be a prudent hedge against irreversible loss. Techniques of archival appraisal have 
been used to assess future value of analog materials in similar cases of uncertainty. 
These techniques work both in cases where the underlying or intrinsic value of the data 
is uncertain, and when there is a body of materials with an aggregate value but resource 
restrictions dictate that only part of the whole can be preserved. (If we cannot save all 
of a given set of digital materials, how do we develop a sample that represents the 
whole in a meaningful and authentic way?)23  

The purpose of the option strategy is simpleñto buy time and wait until better 
information is available about the value of the content in question or preservation 
techniques have become more efficient. Each option strategy could be given a term 
limit, with preservation managers holding materials for a specific period of time; then, 
near the end of that time, they could decide to renew, hand off, or abandon their 
stewardship. This might be an appropriate strategy for large sets of observational data 
or targeted sectors of the blogosphere.  

3.2 Systemic Problems with Supply  

3.2.1 What to Do in the Case of Insufficient Incentives  

Public policy can provide a useful nudge or necessary intervention in the absence of 
sufficient incentives to preserve.24  But public policy can also be effective and efficient 
when it strengthens existing private or institutional interests for investing time or 
money to preserve valuable materials. In nonprofit endeavors, factors that motivate 
such investment could be pleasure, prestige and reputation, and other nonmonetary 
rewards. In the commercial sector, the incentives are likely to be to be monetary, 
though not exclusively so. Contributing to the public good and gaining prestige can be 
powerful motivators in the private as well the public sector. Policies should aim to align 
with private interests when possible, providing a stimulus for private parties to act on 
societal as well as private interests. 

FIGURE 3.1 Digital Preservation Risks and Remedies  

All decision makers face risks to sustainability over the course of the digital lifecycle. In each context there 
are usually several choices available that will reduce risks long-term. Which remedy a decision maker opts 
for depends on the context: what the perceived value of digital information is; which incentives will be 
most compelling to various stakeholders; and which organizational strategies are best suited to a particular 
stakeholder community. 

                                                                        

23 The real options theory of investment is further explained in Appendix 6. 

24 Policy frameworks for preservation, a component of sustainability as important as an economic framework, 
are outlined in Appendix 7. 










































































































































