Sustainable data systems are critical components of the cyberinfrastructure needed to provide long-term stewardship of scientific data, including
Earth science data, throughout their entire life cycle. A variety of approaches may help ensure the sustainability of such systems, but these
approaches must be able to survive the demands of competing priorities and decreasing budgets over long time periods. Analyzing and

comparing various approaches can identify viable aspects of each approac
cyberinfrastructure needed to facilitate discovery, access, and analysis of @
approaches is proposed, and example use cases are offered for assessing t

strengths and weaknesses of each approach under various conditions and with regarc

n and inform decisions for developing, managing, and supporting the
ata by future communities of users. A typology of sustainability

ne approaches over time. These examples help illustrate the potential
to different objectives, e.g., open vs. limited access. By

applying the results of these analyses to their particular circumstances, systems stakeholders can assess their options for a sustainable systems
approach, which may incorporate multiple sustainability options, along with other metrics to ensure the sustainability of the scientific data and
information for which they are responsible. In addition, clarifying and comparing sustainability approaches should inform the design of new
systems and the improvement of existing systems to meet the needs for long-term stewardship of scientific data, and support education and
workforce development efforts needed to ensure that the appropriate scientific and technical skills are available to operate and further develop

sustainable cyberinfrastructure.

Typology of Sustainability Approaches for Scientific Data Stewardship

Discrete Revenue Stream Models
e Establishing and maintaining individual sources of revenue
e Multiple revenue streams may be needed to ensure continual funding

Cooperative Models
e Establishing mutually-beneficial relationships with partners
 Harnessing distributed stakeholder resources and in-kind support

Fees
Usage fees (commercial use fees vs. non-commercial use fees)
Depositor fees
Subscriptions
Annual or multi-year institutional subscribers (members)
Grants
To acquire a specific collection
To maintain a collection for a specified time period
Advertising or sponsorship
Revenue dependent on site traffic by target users
Donations/Endowments
Cultivating benefactors for collections or services
Subsidies
Direct and in-kind support from activities that benefit from data, e.g.,
undergraduate and graduate education

See Baranski et al. (2010), Bastow and Leonelli (2010), Donker (2009), and Kintigh and Altschul (2010).

Institutional commitments
Cost sharing or resource sharing

Network development
Development of bilateral and multilateral sharing, backup, and mutual
assistance arrangements

Commitments from stakeholder communities
Multiple stakeholders or stakeholder categories
Funding or in-kind contributions (e.g., open source software development,
crowd sourcing)

Incentives from funders
Short-term funding or other resources in recognition of long-term
commitments

See Beagrie et al., 2010; Finney, 2007; Halbert, 2009; Kwon et al., 2006; Lee, 2009; Uhlir et al., 2009; Walters
et al., 2010.

Use Case: Subscription Services

A data center offers annual paid subscriptions to academic institutions and
libraries for unlimited access to its data holdings. Alternatively, individuals or
organizations can purchase a license to access a particular data product or data
service.

Use Case: Institutional Commitments

A grant-funded data center based at a large research university establishes a long-
term archive cooperatively with the University Library to manage, preserve, and
disseminate selected scientific data sets housed in the data center and establishes
an inter-departmental board to govern the archive.

Use Case: Deposit Fees

A data center requires a fee from individuals and organizations when they deposit
data. The fee aims to cover both the short- and long-term costs of managing the
data, preserving the data in the archive of the data center, and curating the data
for dissemination to the targeted community of users.

Use Case: Cooperative Archives/Network

A group of universities establish a distributed network of archives to host the
scientific data produced by each of the cooperating universities. The faculty,
staff, and students of the cooperating universities have access to the data and
services.

Conclusion
Given unavoidable uncertainties in future revenue streams, user interest, community capacity, institutional longevity, preservation costs, and other
components of sustainability on decadal to century time scales, it seems clear that multiple and flexible strategies may be essential to long-term
sustainability. Combinations of different types of institutions with long histories of persistence (e.g., universities, museumes, libraries, and some
government agencies) may also be needed as the foundation for long-term scientific data stewardship.

This work is based on Downs and Chen (2012). The authors presented an earlier version of this poster at the 2012 AGU Fall Meeting in San Francisco, CA, on 6 December 2012.
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