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The purpose of this review is to provide a comprehensive summary of project work to date mentioned in the literature regarding the design and construction of geospatial repositories.  Relevant standards and software available are also briefly reviewed.  This review will support initial discussions and planning for the demonstrator projects in the EDINA Geospatial Repository for Academic Deposit and Extraction (GRADE) project.

1 Introduction

The distinction between a repository and an archive is vague, partly because the digital library, digital preservation, archiving and other communities often interpret these terms differently, although both things are normally constructed with a goal of ensuring long-term (often on the order of decades) access to the materials within them.

The Open Archives Initiative (OAI) set of Frequently Asked Questions (http://www.openarchives.org/documents/FAQ.html) alludes to the difference between the OAI and professional archivist views of an archive: “Members of the archiving profession have justifiably noted the strict definition of an “archive” within their domain; with connotations of preservation of long-term value, statutory authorization and institutional policy.  The OAI uses the term “archive” in a broader sense: as a repository for stored information.”

JISC defines a repository simply as “deposited content collections.”  According to the February 2005 JISC Digital Repositories Review (Heery & Anderson, 2005), “a digital repository is differentiated from other digital collections by the following characteristics:

- content is deposited in a repository, by content creator, owner or 3rd party,
- repository architecture manages content as well as metadata,
- repository offers minimum basic services - put, get, search,
- repository must be sustainable and trusted in terms of being well-supported
and well-managed.”

Various terms used in the literature include: data repository, archival repository, content repository and institutional repository.  The first two terms are basically more general forms of the definition of digital repository given above.  The term content repository often seems to refer to an environment to store the different materials used to construct a web site: a directory structure with HTML and Javascript code, images, and so forth, or similar items required by a web application.  According the Java Specification Request JSR 170 for a Java Content Repository API (http://jcp.org/aboutJava/communityprocess/final/jsr170/index.html): “A content repository implements "content services" such as: author based versioning, full textual searching, fine grained access control, content categorization and content event monitoring.”  The GRADE demonstrators may incorporate similar services.

A report from the Scholarly Publishing & Academic Resources Coalition (SPARC) (Crow, 2002) uses institutional repository “to mean digital collections capturing and preserving the intellectual output of a single or multi-university community,” while Lynch (2003) views this same term to mean a set of services for managing and disseminating digital materials created by an institution.  He states: “[An institutional repository] is most essentially an organizational commitment to the stewardship of these digital materials, including long-term preservation where appropriate, as well as organization and access or distribution.”  

Most existing institutional repositories consist of an ordered collection of various kinds of documents only—published articles, technical reports, and so forth—although some now involve the store of other types of digital items like images, or—the focus of this review—digital geospatial data sets, which include geographic information system (GIS) layers and satellite or airbourne remote sensing imagery in a large number of data formats.

There are a few existing projects, discussed in Section 2.1, that describe themselves as geospatial repositories or archives.  Large government institutions such as NASA, NOAA, NERC and ESA host decades-old data centres that serve many of the functions associated with a repository, such as providing services for data preservation, discovery and retrieval.  In this context, the concept of a repository is not new, however the GRADE project is about considering how the growing interest in today’s digital repositories, by offering an environment for easy deposit and retrieval, and by addressing the complex digital rights issues that digital repositories raise can encourage the frequent reuse and sharing of primary and derived geospatial data.
2 Related projects
2.1 Geospatial repositories and archives

An annotated list of the most relevant related projects follows.  The projects in this section are all concerned with collections of geospatial data.  Some projects adhere to the JISC definition of a repository in Section 1, while others are only similar or closely related.

· NGDA: National Geospatial Digital Archive (UCSB, Stanford Libraries)
http://ngda.org/index.php
This new project, part of the U.S. Library of Congress (LOC) National Digital Information Infrastructure and Preservation Program (NDIIPP), will build on the architecture of the existing Alexandria Digital Library of georeferenced materials (http://alexandria.sdc.ucsb.edu/) to provide a “federated repository” of geospatial data.  The initial test bed for the archive will include the historically-oriented geospatial collections of the Stanford Libraries (early U.S. maps in digital format) and Landsat and other satellite imagery collections within the UCSB Map and Imagery Library.  Another test bed may include material from CaSIL (see listing in this section).  The project, still in its early stages, is investigating the assembly of a comprehensive data format registry.  Greg Jenée, the Chief Engineer, Design and Systems Architecture for the project, visited the Digital Curation Centre in Edinburgh and attended the GRADE project kick-off meeting in September 2005.  This archive focuses heavily on geospatial data preservation while the focus on GRADE is to assist in data sharing and reuse.
· NCGDAP: North Carolina Geospatial Data Archiving Project (North Carolina State University Libraries)
http://www.lib.ncsu.edu/ncgdap/
This NDIIPP project is different from the NGDA project in its focus on cooperative agreements for geospatial data sharing among organizations within a single U.S. state, and its concern with long-term access for what can be viewed as relatively ephemeral data sources such as mapping-related web services and proprietary ESRI Geodatabase file structures.  The NCGDAP project is investigating metadata encoding approaches, including using PREMIS to extend METS, and content packaging approaches, including the IMS-CP and MPEG-21 standards, but this is still work in progress.  Steve Morris, the Project Manager and Principal Investigator for the project, is an advisory partner on the GRADE project and attended the GRADE project kick off meeting in September 2005.  Already GRADE project staff have taken on board concepts from NCGDAP project – particularly related to the packaging of geospatial data into objects.
· CUGIR: Cornell University Geospatial Information Repository
http://cugir.mannlib.cornell.edu/index.jsp
Gail Steinhart, GIS Librarian at Cornell University, supplied the following information regarding the CUGIR project (personal communication, August 2005):

“CUGIR has evolved in several stages since its inception in 1998.  For the first few years the site had fewer data files and used the file system on the server as the primary mode of organization.  In 2001 we began receiving data from more spatial series or distinct geographic units for the state and realized that it would be more efficient and flexible for us to manage the site through a relational database.  We developed a home-grown system using open-source tools such as the MySQL database, the Jakarta Tomcat servlet engine, and Java Server Pages to provide more functionality than the original web pages supplemented only by CGI scripts. For us the effort of developing a customized repository and delivery mechanism has been worthwhile since it allows us to present data in a more organized and context-specific fashion than would be possible simply by exposing metadata and allowing users to search and select based on metadata fields alone.  This system has also enabled us to integrate the CUGIR web map preview capability in ways that might not be as easy with other repository systems. However, other circumstances mitigate the costs of developing a system which might not be the case elsewhere -- for example, as an active research library we have programmers on staff familiar with building text and images repositories and building web-based systems for public access.  CUGIR has also been simpler than other repositories since we have no data with access restrictions.”

She mentions two commercial software products to consider when creating a geospatial repository: the ESRI Metadata Catalog (basis for the GIS Portal solution) and Intergraph Spatial Metadata Management System, as well as describing the linear sequence approach to spatial data acquisition used by U.S. Natural Resource Conservation Service's Soil Data Mart (http://soildatamart.nrcs.usda.gov/Default.aspx).  She suggests that this step-by-step data retrieval approach, however, may overly restrict the process of data selection by a user.  It is worth noting that CUGIR does not offer a data submission or metadata creation facility.  Data downloaded from CUGIR consist of geospatial data content without metadata.  When we consider the description of a repository that the GRADE project is working within, as defined by JISC, and quoted in the introduction to this report then CUGIR is limited in it’s relevance due to the lack of a data submission or metadata/data wrapper function.
· GRASP: Geospatial Repository for Analysis and Safety Planning
http://www.ojp.usdoj.gov/nij/maps/grasp.html

This National Institute of Justice and University of Virginia law enforcement-related project, still in development, seeks to create a regional scale spatial data repository for analysis and planning for responding to emergencies such as the October 2002 sniper shootings in the Washington DC metropolitan area.  The system uses Safe Software FME (The Feature Manipulation Engine) for geospatial data transformation and translation (http://www.safe.com/products/fme/index.php) (Chung et al., 2004).
· MAGIC

http://www.magic.gov.uk
This site, an example of many others like it, adheres to the definition of repository in Section 1 but is a “closed” system of editorial control; that is, members of a larger community are not allowed to deposit their own data.  This site provides access to geospatial data from seven U.K. environmental organizations regarding environmental schemes and designations.  The interface has a similar look and feel to U.S. National Map Viewer (http://nmviewogc.cr.usgs.gov/viewer.htm) and thus serves as an example of the now-familiar interface used for the large number of existing web sites allowing access to freely available datasets for U.S. states.  MAGIC offers interesting download features relevant to GRADE.
· CaSIL: California Spatial Information Library

http://gis.ca.gov/
Quinn Hart (qjhart@ucdavis.edu) is a contact for this project.  This project is a rare example of a curated repository which has a system in place to receive submissions of data from the community.  Interestingly, the data submission feature here is restricted to users who register their contact details and are then subsequently approved by the California Resource Agency.
2.2 Other repository-related projects

The GRADE demonstrators may also benefit from investigating the results of the following projects that include a comparison of repository software, and the topics of archive ingest and version management:

· ECHO DEPository (University of Illinois )
University of Illinois Champaign-Urbana, Online Computer Library Center (OCLC)

http://www.ndiipp.uiuc.edu/
This NDIIPP project, Exploring Collaborations to Harness Objects in a Digital Environment for Preservation (ECHO DEPository), is creating a digital repositories testbed for storing the results of content-gathering activities with a “web archive workbench” tool.  The project description states: “The project activities include: ...Installing, configuring, and testing open-source and commercial digital repositories to evaluate the strengths and weaknesses of each with regard to types of content, user and uses, interoperability, implementation of standards, and technical requirements. Architectures to be tested include DSpace, FEDORA, Greenstone, Eprints, and the OCLC Digital Archive).”

· ADAPT (University of Maryland, San Diego Supercomputing Center and others)
http://www.umiacs.umd.edu/research/adapt/
This system is related to one of the ten U.S. LOC/National Science Foundation (NSF) NDIIPP research projects: Robust Technologies for Automated Ingestion and Long-Term Preservation of Digital Information.  Their approach aims to provide a robust method for submission of data products to an archive through the addition of constraints to METS metadata, and the creation of a submission information packet (SIP) to help track the submission process.  The downside of their approach is that it seems like the system is dependent on complicated configuration and administration, including a dedicated DBMS for registered objects, certificate authority management, and so forth.  The NCGDAP project may investigate this approach. 

· Versioning Issues in Digital Archives (Johns Hopkins University)
http://hssl.cs.jhu.edu/
One of the ten Library of Congress LOC/NSF NDIIPP research projects involves work on versioning file systems in Randal Burn’s Storage Systems Lab.
There are other projects evaluating or creating directories of repositories including:

· A Technology Analysis of Repositories http://ldp.library.jhu.edu/projects/repository
· OpenDOAR http://www.doar.org
· IRRA http://irra.eprints org
3 Standards

It is expected that content deposited within the GRADE demonstrator repositories will be accompanied by metadata meeting the Go-Geo! UK Academic Geospatial Metadata Application Profile (AGMAP) of ISO 19115 (Geographic information – Metadata).  However the GRADE demonstrators will more than likely also use digital library and repository-related metadata standards depending upon the selected software solution.  A brief description of a selection of relevant standards is provided below followed by a matrix of existing projects and their implemented standards.
3.1 Geospatial metadata standards

Well-known metadata content standards for geographic information include ISO 19115 and FGDC.  Besides the Go-Geo! UK Academic Geospatial Metadata Application Profile of ISO 19115 which will be used for the GRADE demonstrators, other custom metadata standards in use within the UK include the MAGIC metadata standard (http://www.magic.gov.uk/progress.html).and UK GEMINI Discovery Metadata Standard (http://www.gigateway.org.uk/metadata/standards.html).
The GRADE project will need to consider how it aligns geospatial metadata standards with metadata standards prevalent within the digital library and preservation communities, for example Dublin Core and PREMIS.

3.2 Content Packaging standards

As previously described, the GRADE project is considering the approach taken by the NCGDAP project for creating geospatial data ‘objects’.  The most common content packaging standards today are METS and IMS CP.
· METS (Metadata Encoding and Transmission Standard)
http://www.loc.gov/standards/mets/
The web site states: “METS is an XML document format for encoding metadata necessary for both management of digital library objects within a repository and exchange of such objects between repositories (or between repositories and their users). Depending on its use, a METS document could be used in the role of Submission Information Package (SIP), Archival Information Package (AIP), or Dissemination Information Package (DIP) within the Open Archival Information System (OAIS) Reference Model.”  The NCGDAP project may investigate using PREMIS (http://www.loc.gov/standards/premis/) to extend METS.  PREMIS was developed “as a specification with the goal of creating an implementable set of "core" preservation metadata elements, with broad applicability within the digital preservation community.”

IMS Content Packaging
http://www.imsglobal.org/content/packaging/index.html

The IMS Content Packaging specification deals with the description and structure of online learning materials and the definition of some particular content types.
3.3 Repository and archive standards

Open Archives Initiative
http://www.openarchives.org
The Open Archives Initiative develops and promotes interoperability standards that aim to facilitate the efficient dissemination of content.  The Open Archives Initiative has its roots in an effort to enhance access to e-print archives as a means of increasing the availability of scholarly communication.  The Open Archives Initiative’s Protocol for Metadata Harvesting Protocol is supported by some of today’s open source repository softwares e.g. DSpace.  GRADE will need to consider OAI PMH for interoperating with other repository and other repository services within the JISC Information Environment.
· IMS Digital Repositories Specification
http://www.imsglobal.org/digitalrepositories/index.cfm
This is a detailed specification for (e-learning) repositories, including object packaging and import/export.

· JSR 170: Specification for Java Content Repository API

http://jcp.org/en/jsr/detail?id=170
This may not be relevant to the GRADE demonstrators, but is an example of a repository-related API.  This standard Java2 API was designed so web applications could access content repositories independently of implementation.  The specification web page states: “This API will focus on transactional read/write access, binary content (stream operations), textual content, full-text searching, filtering, observation, versioning, handling of hard and soft structured content.”  Examples of applications which use JSR 170 include:

http://jsr170tools.day.com/crx/index.jsp
http://www.magnolia.info/demo
4 Summary and discussion

There is general agreement that the GRADE repository demonstrators will include features for depositing (uploading) and retrieving (searching for, and possibly viewing and acquiring) geospatial data sets.  The potential for external community members to deposit data sets into the repository, rather than restricting this function to professional or staff “curators,” is a distinguishing feature of the GRADE project.  Depositing data in the repository will involve submitting some form of valid metadata, the creation of an identifier by the system, and may incorporate some form of version control.  In the formal demonstrator at least, acquiring data will be accomplished via digital rights management and access controls, due to the use of licensed data sets.  This section provides a synopsis of the literature review by discussing the reviewed work in the context of demonstrator design issues.  Bold acronyms used in this section appear in the annotated listings in Sections 2 and 3.

4.1 Depositing geospatial data sets

A number of design decisions concerning metadata creation and submission will need to be made for the GRADE repository demonstrators.  Related geospatial projects have used various approaches.

Curation issues: A key issue is whether the GRADE demonstrators will be curated, in the sense of having professional staff or some type of editorial board review repository submissions and metadata for correctness.  Most of the reviewed projects, including CaSIL, CUGIR and MAGIC, have such a system in place, and in addition staff for these projects create the metadata for items in their collections if it does not already exist.

Metadata creation issues: CUGIR includes two levels of metadata for each data set: (1) a grouping of Dublin Core attributes which they call “buckets” to facilitate repository-level searches; and (2) FGDC Content Standard for Digital Geospatial Metadata (CSDGM) compliant documentation.

Similar to the possible GRADE demonstrator design, MAGIC uses a custom metadata standard.  Some tools exist for metadata creation according to a standard that is meant to be used during the data submission process.  Examples of this include metadata entry in ESRI ArcCatalog and, the Morpho Java application for ecological metadata creation and data set submission (http://knb.ecoinformatics.org//software/morpho/introduction.html).  In the event similar tools are infeasible or unpopular for the GRADE demonstrators, another option is categorizing submissions to the repository according to the level of metadata provided by the submitters.

Peer review issues: The GRADE demonstrators may benefit from the techniques used for the Community Review System and annotation implementation in DLESE (Digital Library for Earth Science Education) (http://www.dlese.org/libdev/infrastructure_overview.html).  In DLESE, annotations are additional content or metadata that is appropriate to associate with a resource; this includes comments and feedback, that is, “community review,” about any resource submitted to DLESE.  DLESE uses an annotation metadata framework based on a proposed framework by the National Science Digital Library (NSDL) (http://annotations.comm.nsdl.org/cgi-bin/wiki.pl?Annotation_and_Review_Services)   

4.2 Retrieving geospatial data sets

ESRI’s Geography Network web site provides an example of a now familiar interface for geospatial data retrieval (http://www.geographynetwork.com), including for licensed data sets which may need to be purchased.
Data set preview issues: CUGIR features previews of available data sets through a web mapping application, similar to the ESRI ArcIMS-based web applications now familiar to users of online maps.  The web mapping services used by these web applications may feature slow response times.

Data set retrieval issues: In what seems like a unique approach, CaSIL exposes the file system for their geospatial data holdings through FTP as well as HTTP; this means that mirroring their site is also possible.

Lessons regarding metadata and geospatial data retrieval may also be garnered from sources like the NERC DataGrid (NDG) (http://ndg.nerc.ac.uk/), and the participating organizations in the Federation of Earth Science Information Partners (ESIP) (http://esipfed.org/).  For example, the NDG has a discovery service in place—a plain Google-like search interface for data sets in its collection, while the very different MODster approach to data set retrieval is being investigated within the ESIP Federation.  MODster (http://modster.bren.ucsb.edu:8080) uses the namespace of community-accepted naming conventions to provide an easy way for community members to retrieve known existing data sets of interest.  The motivating example concerns retrieval of NASA Moderate Resolution Imaging Spectroradiometer (MODIS) data sets.
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7 Appendix: Existing Reviews

A variety of reviews of institutional repositories and repository software are available, listed here in descending chronological order:

· Institutional Repositories for the Research Sector, Feasibility study

National Library of New Zealand (July 2005)

http://wiki.tertiary.govt.nz/static/wikifarm/InstitutionalRepositories.uploads/Main/IR_report.pdf
This report focuses on establishing research document repositories for New Zealand institutions.

· E-Archiving: An Overview of Some Repository Management Software Tools
Marion Prudlo, ARIADNE, issue 43, April 2005
http://www.ariadne.ac.uk/issue43/prudlo/
Brief article that discusses LOCKSS, EPrints and Dspace.

· JISC Digital Repositories Review

February 2005
http://www.jisc.ac.uk/uploaded_documents/digital-repositories-review-2005.pdf
This includes a comprehensive review of current repository activity.

· Open Society Institute Guide to Institutional Repository Software

August 2004

http://www.soros.org/openaccess/pdf/OSI_Guide_to_IR_Software_v3.pdf
This includes a detailed comparison of Archimede, ARNO, CDSware, DSpace, Eprints, Fedora, i-Tor, MyCoRe, and OPUS software.
Other available reviews include:

· The Case for Institutional Repositories: A SPARC Position Paper 
The Scholarly Publishing & Academic Resources Coalition (SPARC) (August 2002)

http://www.arl.org/sparc/IR/ir.html
See appendix for examples of existing institutional repositories in 2002.

· Vergleich bestehender Archivierungssysteme

Uwe M. Borghoff, 2005

http://www.langzeitarchivierung.de/downloads/mat/nestor_mat_03.pdf

For German readers, this report includes a thorough review and comparison of DIAS (Digital Information Archiving System), DigiTool, DSpace, EPrints, Fedora, and MyCoRe (My Content Repository), as well as an exhaustive table of other related software and associated websites on page 10.

