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Abstract

In long-term digital preservation, preservation metadata constitutes critical in-
formation that supports the long-term viability, renderability, understandabil-
ity, authenticity, and integrity of digital resources. To comprehensively under-
stand the latest developments in preservation metadata and to provide refer-
ences for domestic institutions engaged in long-term preservation to formulate
implementation strategies and construction plans for preservation metadata, the
author comprehensively analyzed the research progress of core theoretical stan-
dards, important conferences, and key projects in the long-term preservation
field, and summarized the significant development trends of preservation meta-
data in areas such as rights metadata, significant properties metadata, preser-
vation metadata for special types of digital resources and disciplinary character-
istics, semanticization of preservation metadata, and provenance metadata.
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Study on the Trend of Preservation Metadata
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Abstract

In long-term digital preservation, preservation metadata serves as crucial in-
formation supporting the long-term viability, renderability, understandability,
authenticity, and integrity of digital resources. To comprehensively understand
the latest developments in preservation metadata and provide references for
domestic institutions engaged in long-term preservation to formulate implemen-
tation strategies and construction plans, the authors comprehensively analyzed
research progress in core theoretical standards, important conferences, and key
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projects in the preservation field, summarizing important development trends
in preservation metadata regarding rights metadata, significant properties meta-
data, preservation metadata for special types of digital resources and disciplinary
characteristics, semantic enrichment of preservation metadata, and provenance
metadata.

KEY WORDS: Preservation Metadata, PREMIS, Rights Metadata, Signifi-
cant Properties, Provenance Metadata

1 Overview of Preservation Metadata

Preservation metadata has consistently been a key focus and hot topic in the
field of long-term digital resource preservation. As information that supports the
long-term preservation process[l], it is essential for maintaining the long-term
viability, renderability, and understandability of digital resources. Thanks to
preservation metadata, digital objects can become self-documenting, ensuring
their long-term preservation and accessibility even when ownership, custody,
technology, legal restrictions, or user communities change.

After decades of research, preservation metadata has evolved through three
stages: conceptual development, theoretical development, and practical vali-
dation. Internationally, numerous mature preservation metadata frameworks,
usage methods, and corresponding tools have been developed. Although domes-
tic efforts have primarily focused on application, several standard specification
application guidelines have also emerged[2].

As preservation environments continuously change, resource types diversify, and
preservation requirements adjust, preservation metadata continues to evolve.
This paper aims to explore the development of preservation metadata, analyze
its trends based on current theoretical and practical research progress, and pro-
vide references for formulating implementation strategies and construction plans
for long-term preservation metadata.

2 Development of Preservation Metadata

Research on preservation metadata in the long-term preservation field emerged
in the 1990s. As preservation activities expanded, researchers realized that
achieving long-term viability, renderability, understandability, authenticity, and
consistency for digital resources required recording extensive information about
the resources themselves, their hardware and software environments, and change
histories. Based on this understanding, they began exploring metadata sets
specifically designed for preservation.
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In 1998, Michael Day][3] first adopted the concept of “Preservation Metadata”
in his report. In the same year, the Research Library Group (RLG) explored
a corresponding long-term preservation metadata set for digital image preser-
vation[4]. Subsequently, the Consultative Committee for Space Data Systems
(CCSDS) published the Reference Model for an Open Archival Information Sys-
tem (OAIS), providing a reference model and basic conceptual framework for
various long-term preservation activities. The OAIS information model proposes
that an information object in a digital preservation system consists of the data
object itself and its representation information. A data object comprises one
or more bit sequences, while representation information converts these bit se-
quences into more meaningful information. Representation information can be
divided into structural representation information and semantic representation
information: the former indicates the composition structure of the data object,
while the latter expresses its semantic meaning. One representation information
can reference already-defined representation information. Typically, to make
a preserved information object “independently understandable,” it requires a
network of representation information composed of a series of referencing rela-
tionships. Based on content and function, OAIS further classifies information
objects in digital preservation systems into four types: Content Information,
Preservation Description Information, Packaging Information, and Descriptive
Information[5], explicitly stating that Descriptive Information includes refer-
ence information, environment information, provenance information, fixity in-
formation, and access rights information (with access rights information added
in the 2009 OAIS revision). The UK CURL Exemplars in Digital ARchiveS
(CEDARS)[6] project developed a preservation metadata framework for vari-
ous digital formats by fully absorbing the OAIS reference model and metadata
research results from other fields. Additionally, the National Library of Aus-
tralia[7] and the European Networked European Deposit Library (NetLib)|8]
also proposed metadata frameworks for preservation needs during this stage.
The publication of OAIS, CEDARS, NetLib, and others marked the transition
of preservation metadata from concept to theoretical standard.

In 2000, the Online Computer Library Center (OCLC) and RLG jointly
launched an action plan to research the infrastructure of digital preservation
metadata[l], continuing to use the term “Preservation Metadata.” They
developed a broadly applicable, comprehensive metadata framework and pub-
lished a data dictionary for practical operations. In 2005, PREMIS 1.0[9] was
officially released, followed by PREMIS 2.0, 2.1, 2.2[10], and 2.3 over the next
decade. Currently, PREMIS 3.0 is under preparation but has not been officially
released. The official release of PREMIS upgraded preservation metadata from
theoretical standards to practical operations. Since PREMIS, research on
preservation metadata has become increasingly application-oriented, achieving
considerable results in specific implementation strategies and corresponding
metadata extraction tools.

In addition to international research outcomes, domestic contributions have
been primarily represented by explorations from the National Library of China,
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Tsinghua University, and military academies in preservation metadata frame-
works. Under the support of the “National Digital Library Engineering Long-
term Preservation Standards” project, Cheng Bian’ ai and colleagues from Ts-
inghua University published the “Application Guide for National Digital Library
Long-term Preservation Metadata Standards” [2]. Based on standards and the
PREMIS data dictionary, this guide lists essential semantic units, identifier
namespaces and controlled vocabularies required for preservation systems, and
introduces several tools for automatic metadata extraction along with practical
scenarios, providing excellent guidance for implementation.

3 Trends and Implementation Recommendations for
Preservation Metadata

Along with the deepening of digital preservation theoretical research and prac-
tical activities, and considering factors such as practical usability, the need
for clear rights information in collaborative and distributed preservation envi-
ronments, diversified preservation content requirements, multiple preservation
strategy needs, and dynamic preservation demands, numerous institutions and
projects engaged in long-term preservation research have pioneered new devel-
opments in preservation metadata from both theoretical and practical perspec-
tives. Through comprehensive analysis of research progress in core standards,
important conferences, and key projects in the long-term preservation field, the
authors believe that preservation metadata has shown significant development
in rights metadata, significant properties metadata, preservation metadata for
special types of digital resources and disciplinary characteristics, semantic en-
richment of preservation metadata, and provenance metadata. Based on this
analysis, implementation recommendations are provided. The following sections
will elaborate on these aspects individually.

3.1 Increasing Emphasis on Rights Information

As distributed and collaborative preservation gradually become mainstream in
long-term preservation, copyright exclusivity may restrict or even completely
hinder the preservation of works through copying and dissemination. Simul-
taneously, post-preservation operations increasingly require more rights infor-
mation. Consequently, rights metadata has become a major focus within the
preservation metadata system.

The 2009 revision of OAIS explicitly distinguished a category of access rights
information under its existing Preservation Description Information (PDI). This
information primarily determines access constraints related to content informa-
tion, including legal frameworks, licensing terms, and access controls. It con-
tains access and distribution conditions under compliance with submission agree-
ments, along with descriptions of rights enforcement measures. This marked a
clear theoretical foundation for rights metadata as an important component
of preservation metadata. In 2013, the Digital Preservation Coalition (DPC)
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published Preservation Metadata (2nd edition)[11], which explicitly categorized
preservation metadata into three types: provenance metadata, rights metadata,
and technical/environmental descriptive metadata. These developments con-
ceptually and theoretically emphasize the importance of rights metadata to
preservation metadata.

From a practical perspective, PREMIS[9-10] has made rights metadata adjust-
ments and changes the absolute primary focus in its three most recent metadata
dictionary versions. These include expanding rights metadata semantic units,
extending the previously single “license statement” to three explicit forms of
intellectual property rights: copyright, license, and statute, while also providing
an extensible semantic unit for intellectual property that cannot be classified
into these three forms. Additionally, the new PREMIS versions provide both
generic metadata and proprietary metadata for the expanded rights statement
containers, such as identifiers, characteristics, categories, and rights features
granted to repositories, greatly enriching the definition of rights metadata. Fur-
thermore, PREMIS has further enriched the definitions of relationships between
rights metadata and other entities.

The Personal Archives Accessible in Digital Media (Paradigm) project[12], a col-
laboration between Oxford University and the University of Manchester, treats
rights information as an important component of long-term preservation meta-
data, focusing on intellectual property rights metadata. They believe intellec-
tual property rights metadata is significant for both preservation and access.
Based on extensive examination of various rights metadata types, Paradigm es-
tablished a rights preservation scheme for personal archives. In Rosetta[l3], a
long-term preservation solution jointly developed by Ex Libris and the National
Library of New Zealand, rights management serves as one of the core preserva-
tion metadata components, used both for preserving rights metadata and con-
trolling access to preserved objects. The PrestoPRIME project[14], funded by
the EU Seventh Framework Programme and focusing on audiovisual materials,
designed a detailed rights management metadata ontology model based on the
Media Value Chain Ontology (ISO/IEC 21000-19) after thoroughly investigat-
ing existing rights expression languages and formats such as MPEG-21, Open
Digital Rights Language, and PREMIS, as well as rights management systems
like Media Streaming MAF and MPEG Extensible Middleware, to support the
long-term preservation of audiovisual resources[15].

Overall, whether independent rights metadata schemes or rights metadata em-
bedded within preservation metadata systems, definitions for rights metadata
have matured. Domestic preservation institutions should at minimum record
authorized preservation actions that the preservation system can perform on
preserved digital objects during implementation. For additional rights descrip-
tion information oriented toward resource services, appropriate semantic units
should be selected for recording based on actual needs.
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3.2 Increasingly Specific and Clear Metadata for Digital Resource
Significant Properties

In preservation metadata, the concept of Significant Properties is one of the most
debated topics in the digital preservation metadata community, directly influenc-
ing preservation strategy selection in repositories. Researchers generally agree
that significant properties are not inherent to digital objects but are key charac-
teristics (such as appearance, look-and-feel, intellectual content, etc.) that must
be maintained and are determined by the environment in which preservation ac-
tivities occur as time passes. However, previously, “significant properties” had
been given various definitions and used in many different ways, lacking consis-
tent agreement on how to categorize and use them. In 2009, David Giaretta
from the CASPAR (Cultural, Artistic and Scientific knowledge for Preservation,
Access and Retrieval) project[16] discussed significant properties, authenticity,
provenance, representation information, and OAIS at the iPres 2009 confer-
ence. Building upon definitions proposed in the new OAIS version, he clarified
the relationships between significant properties, authenticity, provenance, and
representation information, providing application examples that offered strong
theoretical support for using significant properties. The PREMIS 2.0 Data Dic-
tionary, officially published in 2008, created a structured set of semantic units
for significant properties. These semantic units facilitate the management of sig-
nificant properties of preserved objects while ensuring these properties remain
undamaged by preservation activities, providing operational metadata support
for implementing significant properties. To thoroughly investigate the complete
concept of significant properties, identify properties important for various types
of preservation objects, and evaluate the importance of each property for future
object rendering, the Joint Information Systems Committee (JISC) specifically
funded the Investigating the Significant Properties of Electronic Content Over
Time (InSPECT) project[17].

According to its research objectives, the InNSPECT project collected and or-
ganized various definitions and viewpoints on significant properties, analyzed
and developed a clear and consistent concept[18], and subsequently formed a
complete Significant Properties Data Dictionary[19] that clearly defines seman-
tic units related to significant properties. The project’ s research results pro-
vide important references on significant properties for JISC-funded long-term
preservation projects. Additionally, Simone Sacchi et al.[20] proposed a logi-
cal model for significant properties in the long-term preservation of scientific
datasets. This model provides the necessary foundation for identifying and as-
signing significant properties to appropriate entities. Although no long-term
preservation project has yet developed a vocabulary for this metadata, some
institutions have begun applying it in practice to record preservation infor-
mation. For example, the UK’ s SHERPA Digital Humanities Data Service
preservation project constructed significant properties metadata for e-print re-
sources to record special attributes such as semantic content (text or images)
and document layout, facilitating future resource maintenance[2]. Chinese insti-
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tutions should also gradually emphasize this type of metadata during long-term
preservation implementation, referring to OAIS, PREMIS, InSPECT, and other
projects to develop semantic units that comprehensively describe object proper-
ties from a resource utilization perspective, and record corresponding significant
properties metadata during storage.

3.3 Increasing Attention to Preservation Metadata for Special Types
of Digital Resources and Disciplinary Characteristics

As long-term preservation continues to develop, preservation work that origi-
nally focused mainly on digital text resources has gradually expanded to include
more resource types, such as audio/video files, interactive multimedia resources,
scientific data (e.g., satellite remote sensing data in earth sciences), web content
(webpages, blogs, etc.), interactive content, applications, and processes. Mean-
while, long-term preservation work that was previously concentrated in cultural
institutions such as libraries, archives, and museums for traditional cultural re-
sources has gradually expanded into various disciplinary fields. In this context,
a single preservation metadata system cannot meet the preservation needs of
diverse digital resource types. Therefore, many researchers have designed cor-
responding preservation metadata models for digital resources with disciplinary
characteristics or special types by combining the features of the resources to be
preserved with disciplinary needs and leveraging existing metadata systems and
domain knowledge structures.

Ruth Duerr et al.[21] designed a long-term preservation metadata model for
scientific data in the earth sciences domain based on metadata systems including
PREMIS, ISO 1115, and the Content Standard for Digital Geospatial Metadata
(CSDGM).

Kia Ng et al.[22-23] proposed the CASPAR ontology metadata framework,
which can effectively describe interactive multimedia resources, by referencing
and reusing OAIS, the CIDOC Conceptual Reference Model (CIDOC-CRM),
and the FRBR model. Giinter R. Fuhr et al.[24] utilized existing formal
ontologies in the domain to define and describe preservation metadata for
digital objects in medical institutions and clinical research data. The Presto-
PRIME project[14], funded by the EU Seventh Framework Programme and
focusing on audiovisual materials, needed to address the long-term preservation
of born-digital video materials. To achieve this goal, the project expanded
the scope of preservation metadata based on OAIS, PREMIS, and Rosetta
preservation metadata, incorporating provenance metadata, technical meta-
data, and rights metadata as important components. The EU BlogForever
project[25] specifically targeted social network data such as blogs, designing a
preservation metadata model that includes blog content, blog feeds, network
and linked data, classification content, content semantic information, spam
detection information, harvesting information, external plugins, ranking, and
other elements, providing excellent references for the long-term preservation,
management, and use of blog resources.
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As domestic preservation activities gradually expand, current long-term preser-
vation work primarily focused on digital text resources will inevitably extend to
other types, while disciplinary preservation for specific fields will also increase.
In response, institutions with adequate resources can develop complete, dedi-
cated long-term preservation metadata models based on existing mature meta-
data systems. However, most institutions can fully utilize extension mechanisms
provided in existing metadata systems, such as PREMIS’ s extension semantic
unit mechanism, to embed externally-defined metadata for special formats into
corresponding semantic component containers, such as the NISO Z39.87 MIX
schema for digital still images. This approach enables rapid extension of meta-
data for different types and disciplines.

3.4 Increasingly Rich Semantics in Preservation Metadata

With the development of semantic technologies, preservation metadata has in-
creasingly emphasized the integration and application of semantic technologies.
Compared with traditional simple metadata descriptions, the introduction of
semantic technologies can facilitate deeper revelation of digital resource content
by preservation metadata, enhance the depth of content mining, and further
improve the performance of preservation metadata in terms of granularity and
interoperability.

The enrichment of preservation metadata semantics is achieved through two
aspects: its own development and implementation processes. In its own devel-
opment, preservation metadata primarily applies the OWL language and uses
RDF format for storage and management. For example, PREMIS released an
OWL ontology in June 2013 that provides a data dictionary compatible with
linked data and supports PREMIS serialization[26].

In practical implementation, semantic enrichment is mainly reflected in the
application of semantic technologies across different stages.  Specifically,
this includes using RDF triples to describe preservation metadata records
and applying linked data for digital resource organization. The EU-funded
Memories project[27] established RDF triples among preservation metadata
to describe classes, subclasses, properties, terms, and relationships, form-
ing an ontology-based preservation structure for long-term audio resource
preservation. The French SPAR project[28] utilized the METS standard to
establish connections between METS and RDF triples, for example, using
<infor:bnf/spar/provenance#hasEvent> to correspond to the “hasEvent”
property in the provenance ontology. Beyond RDF triples, the SPAR project
also attempted to integrate the entire data repository as linked data. The
SCIDIP-ES project (Science Data Infrastructure for Preservation-Earth Sci-
ence), funded by the EU FP7 Framework Programme[29], investigated and
analyzed technical issues related to earth science data preservation metadata,
concluding that the application of ontology resources such as “GeoNames”
and the General Multilingual Environmental Thesaurus (GEMET) improved
the description and preservation of geospatial data by preservation metadata.
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Kia Ng et al.[22-23] referenced and reused existing relevant standard models
such as CIDOC-CRM and the FRBR model to propose the CASPAR ontology
metadata framework, which describes the complex relationships among various
concepts in interactive multimedia resources, enabling an ontology-driven
preservation approach for interactive multimedia resources. Through this
framework, they described relationships and dependencies among preservation
metadata more comprehensively and effectively. Based on this research, they
argued that combining ontologies with preservation metadata in long-term
preservation applications greatly benefits digital repository interoperability and
automatic reasoning of relationships among digital objects. Giinter R. Fuhr et
al.[24] proposed a preservation metadata system for digital objects in medical
institutions and clinical research data based on existing domain ontologies.
This metadata system is also expressed in ontology form, primarily describing
basic characteristics of data objects (such as type, format, size, preservation
description information, etc.) and some domain-specific information. With this
domain ontology, object indexing and metadata management can be achieved,
thereby resolving usage issues for medical domain users caused by format obso-
lescence and changes in medical terminology. The EU SHAMAN (Sustaining
Heritage Access) context model provides an independent infrastructure using
ontologies to represent digital object attributes and their relationships[30],
advancing the application of semantic technologies in long-term preservation.

From the aforementioned research, it is evident that current implementation of
semantics primarily relies on three technologies: RDF triples, linked data, and
ontology frameworks, with ontologies being predominant. Therefore, Chinese
preservation institutions can fully draw upon and apply existing general or dis-
ciplinary ontology frameworks, using ontologies to describe, store, and manage
metadata when conducting relevant preservation work.

3.5 Increasingly Rich and Refined Provenance Metadata

Provenance metadata is an important category of preservation metadata respon-
sible for recording information about actions and their results during digital
object creation and preservation processes, along with some verification infor-
mation. This metadata is crucial for ensuring the authenticity of preserved
objects[31]. With continuous development of digital preservation practices and
the Semantic Web, provenance metadata has become increasingly rich and re-
fined in both content and expression models. Regarding content, some preser-
vation repositories believe digital provenance should include complete historical
records of all changes since object creation, including migrations, normalization,
and other operations. In PREMIS, objects are immutable; all modification op-
erations generate a new object record that establishes a relationship with its
source object. For all objects, provenance-related metadata includes the object’
s creator, owner, rights holder, events or process operations affecting the object,
and operation times. These metadata elements are represented through corre-
sponding semantic units under PREMIS event entities and agent entities, while
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object entities also provide extension elements including object characteristics or
significant properties (including domain-specific provenance vocabularies). The
National Library of New Zealand (NLNZ) defines provenance metadata to in-
clude process descriptions. These elements are similar to events in PREMIS but
involve multiple steps over longer time periods in NLNZ, which also provides
metadata for recording the reasons for process implementation. Ex Libris’ s
Rosetta explicitly identifies provenance metadata as one of the core elements in
its preservation metadata scheme. This metadata records the origin of digital ob-
jects and all changes occurring on them, i.e., records of series of events, actions,
and related actors. METS also provides specific elements named digiProvMD
in its administrative metadata section to describe any preservation activities
related to digital objects. Regarding provenance metadata expression models,
the Open Provenance Model (OPM)[32], released in 2007, is most representa-
tive. OPM aims to define an interoperable provenance information model across
different systems, allowing developers to create and share tools that manipulate
this model. OPM defines provenance from a technical perspective, supporting
provenance descriptions for multiple entities and allowing multi-level descrip-
tions to coexist. The model defines three core concepts—Artifact, Process, and
Agent—and six relationships and roles. In this model, time can also be annotated
for reference. Other models, such as Provenir Ontology[33] and Provenance Vo-
cabulary([34], have also proposed provenance metadata representation models
from different perspectives.

Based on this development trend, preservation implementation institutions
should fully consider recording provenance information during digital resource
preservation, especially for scientific data. Under the current circumstances
without a unified universal model, implementations can select one existing
expression model, such as OPM, Provenir, or Provenance, as a general
foundation. Based on this foundation, personalized provenance models can
be constructed according to the institution’ s preservation strategies or the
disciplinary domain of preserved content, defining appropriate granularity for
provenance information description to facilitate recording relevant provenance
information.

As crucial information supporting the long-term digital preservation process,
preservation metadata is essential for maintaining the long-term viability, ren-
derability, and understandability of digital resources. As preservation environ-
ments continuously change, resource types diversify, and preservation require-
ments adjust, preservation metadata continues to evolve. This paper combines
current theoretical and practical research progress in preservation metadata to
analyze its development trends. This analysis serves two purposes: first, to com-
prehensively understand the latest developments in preservation metadata, and
second, to provide references for domestic institutions in formulating implemen-
tation strategies and construction plans for long-term preservation metadata,
supporting them in designing suitable preservation metadata collections based
on their respective preservation characteristics.
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