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Executive Summary 
The Unified Astronomy Thesaurus Handbook provides a discussion of the value of a controlled 
vocabulary of astronomical keywords, a historical background on the Unified Astronomy 
Thesaurus (UAT), a description of the UAT and how to use and implement it, and a discussion 
of the benefits the UAT offers to the astronomy and astrophysics research community.  

The UAT is an open, interoperable community thesaurus that organizes astronomy concepts 
and their relationships into a single high-quality resource. The UAT is the most recent iteration of 
efforts to develop a keyword classification system to describe the astronomical concepts and 
entities found within literature, software, conferences, proposals, data sets, and other 
astronomical resources. The American Astronomical Society (AAS) has been owner and 
community steward of the UAT since 2012.  

In the era of big data, well-chosen keywords are critical for turning a search query into 
meaningful results. High-quality keywords make literature searches faster and more effective; 
improve discoverability and help an author’s work stand out; assist readers in judging the 
suitability of a publication to their interests; and help science journalists and educators translate 
complex topics for a broader audience. The UAT broadens the impact of scientific work and 
facilitates interoperability with other systems, aiding in cross-disciplinary research.  

The UAT offers many benefits to the astronomical community. For researchers in astronomy and 
astrophysics, use of the UAT in ADS aids the researcher in identifying relevant publications, as it 
includes term normalization, concept disambiguation, and concept hierarchy. For science policy 
and proposal management groups, it provides a tool to align internal terms with a community 
system. For publishers, the UAT provides an accurate and up-to-date vocabulary that reflects 
the view of subject matter experts. Use of the UAT ensures that the keywords and terms that 
describe publications improve the discovery of the content. High-quality metadata helps with 
indexing for searching and the growing number of automated discovery services that are based 
on AI. 

For data archives, the UAT provides an unified vocabulary to aid in interoperability between 
archives. For bibliographers, the UAT provides a way to tag publications associated with a set of 
observations with standard astrophysical concepts, sources, and phenomena. For information 
science researchers, the UAT is a promising research tool for learning about the evolution and 
community dynamics of astronomy as an intellectual domain, as well as a platform for 
innovation in machine learning and natural language processing applications. 

The UAT is a high-quality, freely available resource that is built upon authoritative sources and 
continuous community input, ensuring that its terminology is current and accurate. The primary 
mission of the UAT is to enhance semantic enrichment of the scholarly literature, improving how 
astronomical research is indexed, searched, and shared. 
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1 ​ Introduction 
The Unified Astronomy Thesaurus (UAT) is an open, interoperable, and community-supported 
thesaurus that reconciled divergent and isolated vocabularies from the fields of astronomy and 
astrophysics, such as the IAU Thesaurus, the Physics and Astronomy Classification Scheme, 
the Astronomy Subject Keywords, and others. The resulting Thesaurus is a single high-quality 
and freely available open thesaurus that formalizes astronomical concepts and their 
interrelationships. The UAT’s primary mission is to support semantic enrichment of the literature, 
thereby enabling greater search and discovery across the astrophysics literature. In addition, 
the UAT is being used as a taxonomy with which to label other astronomical research products, 
such as software and datasets.  

2 ​ Why the UAT 
The UAT provides a common vocabulary for search and discovery and shared descriptions of 
scientific literature, datasets, software, and other research products. 

Since the beginnings of modern astronomy publishing, no single keyword system has 
consistently served the astronomical community across all platforms. Leading astronomy 
journals used the Astronomical Subject Keywords from the 1970s into the 2010s. However, 
those terms were last updated in 2013 and do not cover the latest topics in the field. 
Furthermore, those “keywords” do not include definitions or relationships between concepts. 
Therefore, the American Astronomical Society (AAS) journals and the Publications of the 
Astronomical Society of the Pacific (PASP) elected to adopt the UAT as their keyword system of 
choice in 2019 and 2020, respectively.  

For similar reasons, the Astrophysics Data System (ADS), a digital library used by nearly all 
astronomers daily, has adopted the UAT as its preferred keyword system for the scientific 
literature, datasets, and software that it indexes. Section 6 discusses the integration of the UAT 
with ADS to make scientific literature and other research products more findable.  

While it is currently possible to search ADS by keywords provided by publishers, there is no 
single vocabulary that has been consistently used throughout the indexed literature in ADS. For 
this reason, ADS users will be able to browse results using left-side facets in the query results 
screen or conduct an initial search using UAT terms. The ADS Team’s goal is to promote the 
use of UAT concepts as a standard way to describe and discover records in its astronomy 
collection.  
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3 ​ Thesauri 101 

3.1.​ Definition of Controlled Vocabulary 

Controlled vocabularies and thesauri existed long before the advent of computers and were 
originally designed as independent tools to standardize terminology within specific domains. But 
in today's networked world, it is now common for vocabularies to interact and integrate and to 
evolve into interconnected information resources.1 From the technological standpoint, controlled 
vocabulary can be seen as a structured and standardized set of terms and phrases used to 
categorize, index, and retrieve information consistently. It serves as a tool to describe resources 
by using a predefined list of terms that represent concepts such as ideas, physical attributes, 
people, places, events, and subject matters. This organized arrangement of terms facilitates 
effective browsing, searching, and tagging of content, ensuring consistency and precision in 
information retrieval (Harping 2010; Leise et al. 2008). 

In the context of metadata, a controlled vocabulary includes both preferred and variant terms, 
allowing flexibility in representation while maintaining a defined scope that aligns with specific 
domains. It eliminates ambiguity by providing clear definitions and relationships between terms, 
often structured hierarchically or associatively, as seen in thesauri. This hierarchical 
arrangement not only supports indexing but also enables collaborative development by allowing 
domain experts to refine terms and definitions (National Information Standards Organization, 
2010). 

The function of controlled vocabularies extends beyond indexing to encompass subject analysis 
or determining the "aboutness" of resources. By representing both the inherent and intellectual 
attributes of a resource—such as titles, creators, language, and content—controlled 
vocabularies facilitate subject access points in retrieval systems. These access points serve to 
locate and collocate related resources effectively, ensuring comprehensive discoverability 
across systems (Chan & Salaba 2015). 

Controlled vocabularies also impose control over term usage and modification. Only authorized 
catalogers or editors may update terms, ensuring stability and reliability within the vocabulary's 
scope. This controlled approach is particularly beneficial for descriptive cataloging, 
classification, and indexing, where consistency in terminology is crucial for maintaining 
metadata quality (Hedden 2010). 

1 Allemang, Hendler, & Gandon, 2020, p. 310 
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3.2. ​Benefits of Controlled Vocabulary 

The benefits of controlled vocabularies are extensive and essential in ensuring effective 
information management.  

●​ They provide consistency in terminology, which is critical in reducing variability and 
ambiguity when describing concepts. This consistency ensures that information indexed 
under a term remains accessible and understandable, regardless of who created or 
accessed it.2 

●​ Controlled vocabularies improve discoverability by enabling accurate and 
comprehensive search results. In systems such as digital libraries and institutional 
repositories, standardized subject headings and metadata ensure that users can retrieve 
all relevant resources without being hindered by inconsistent terminology.3 

●​ They enhance metadata quality by ensuring accurate descriptions of resources. This 
structured approach prevents errors and inconsistencies, which can significantly hinder 
access and retrieval. Quality metadata facilitates interoperability across systems, 
allowing different organizations to share and integrate data seamlessly.4 

●​ Controlled vocabularies serve as foundational tools for advanced data systems, enabling 
the integration of complex datasets while maintaining clarity and usability. 

3.3.​ Definition of Thesauri 

A thesaurus is a type of controlled vocabulary that includes hierarchical, associative, and 
equivalence relationships between terms. It enhances discoverability by providing richer 
contextual information and facilitating precise indexing.5 It organizes terms into broader and 
narrower categories, as well as identifying related terms and synonyms. This structure allows 
users to explore terms in context, making it particularly valuable for complex indexing and 
retrieval tasks. For example, a thesaurus might include “active galactic nuclei” as a broader 
term, “radio loud quasars” as a narrower term, and “radio sources” as a related term. 
Additionally, synonyms like “quasi-stellar object” or “QSO” may direct users to the preferred 
term, “quasars.” 

By integrating these relationships, thesauri facilitate nuanced subject analysis and ensure that 
users can navigate through information in an organized and comprehensive manner. They are 
widely used in specialized fields such as research databases and digital libraries where 
precision and depth are paramount. 

5 Hedden, 2010, p. 281 
4 Leise et al., 2008, p. 121 
3 Chipangila et al., 2024, p. 140 
2 Harpring, 2010, p. 12 
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3.4. ​Relationship and Differences Between Controlled 
Vocabulary and Thesauri 

Controlled vocabularies and thesauri are closely related tools designed to standardize 
terminology and improve information retrieval, but they differ in scope and application. Both 
ensure consistency and accuracy in describing and categorizing information, serving as 
essential resources in metadata creation and indexing. However, thesauri are a more 
specialized form of controlled vocabulary, offering additional features such as hierarchical, 
associative, and equivalence relationships. 

Controlled vocabularies provide a straightforward list of approved terms used for indexing and 
retrieval. They focus on standardizing language to eliminate ambiguity and ensure consistent 
tagging of resources. These vocabularies are foundational tools in systems requiring uniform 
terminology, such as library catalogs and institutional repositories (Hedden 2010, p. 281). 

In contrast, thesauri build on this foundation by including relationships between terms. For 
example, while a controlled vocabulary might list “automobiles” as a term, a thesaurus would 
further categorize it into narrower terms like “sports cars” and broader terms like “vehicles.” It 
also identifies related terms and includes synonyms, guiding users in exploring the subject 
comprehensively (Leise et al. 2008, p. 122)​. This distinction makes thesauri particularly suited 
for complex and detailed subject analysis, while controlled vocabularies are ideal for simpler, 
more uniform applications. Both tools, however, are indispensable for ensuring clarity, 
consistency, and efficiency in managing and retrieving information (Hedden 2010, p. 281; 
Chipangila et al. 2024, p. 140) 

3.5.​ Benefits of Thesauri 

●​ Hierarchical Structure: Provides a framework for understanding relationships between 
broader, narrower, and related terms, improving navigation and retrieval​.6 

●​ Inclusion of Synonyms: Accounts for synonyms and variant terms, enabling users to 
find information even when different terminologies are used.7 

●​ Improved Search Precision: Facilitates context-based retrieval by offering term scope 
notes and associations​.8 

●​ Support for Complex Queries: Enables users to construct detailed and nuanced 
queries by leveraging term relationships​.9 

9 Leise et al., 2008, p. 122 
8 Harpring, 2010, p. 24 
7 Bagov et al., 2022, p. 2 
6 Hedden, 2010, p. 281 
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4 ​ UAT Basics 

4.1. ​History & Origins of UAT 

The UAT is the most recent iteration of efforts to develop a keyword classification system that 
can be used to describe the astronomical concepts and entities found within literature, software, 
conferences, proposals, data sets, and other astronomical resources. The International 
Astronomical Union (IAU) Thesaurus, compiled by Robyn Shobbrook of the Australian 
Astronomical Observatory and Robert Shobbrook of the University of Sydney in 1992, is often 
considered the first such attempt (Shobbrook & Shobbrook 1992). The IAU Thesaurus was last 
updated in 1995 and contained 2,551 terms organized into a loose hierarchy. In 2008, an update 
to the IAU Thesaurus was created by Rick Hessman and labeled the International Virtual 
Observatory Alliance, or IVOA, Thesaurus. Hessman’s work added about 300 terms, bringing 
his proposed IVOA Thesaurus to 2,889 terms. 

Around the time of the initial development of the IAU Thesaurus, editors of the major astronomy 
and astrophysics journals worked together to create an organized set of keywords for classifying 
and indexing journal articles. This system is called the Astronomical Subject Keywords (ASK) 
and was adopted for use in 1992 (Accomazzi et al. 2014). Although the limitations of this 
classification scheme have become apparent in the intervening years, this set of terms is still 
currently in use by some of the journals in the field. The Astronomical Subject Keywords were 
last updated in 2013 and contain about 370 concepts organized by general subject area. 

The Physics and Astronomy Classification Scheme (PACS) is a classification scheme containing 
roughly 400 astronomical terms, developed by the American Institute of Physics (AIP) in the 
1970s to annotate the physics literature using a hierarchical set of codes. PACS was proposed 
in 1975, updated every two years, and served as the main organizational scheme for the major 
physics journals until it was decommissioned in 2011 in favor of developing a new system that 
would support modern indexing and searching technology. 

In 2010, major publishers in physics and astronomy, together with other stakeholders from the 
IVOA, the NASA Astrophysics Data System (ADS), and the Harvard-Smithsonian Center for 
Astrophysics Library, began to explore new approaches to the various classification schemes in 
use. Specifically, the Institute of Physics (IOP) and AIP decided to collaborate, funding a project 
to merge the astronomy portion of their vocabularies with the enhanced IVOA Thesaurus to 
create a more robust thesaurus for astronomy. The resulting work was named the Unified 
Astronomy Thesaurus and was donated to the AAS, which holds ownership and copyright. To 
further develop and promote the UAT, the AAS established a Steering Committee, which 
reported to the AAS Publications Committee and included members from the AAS, ADS, the 
library and information science communities, and other astrophysics institutions. The AAS 
adopted the UAT in June 2019 for all of its journals as a replacement for the out-of-date ASK. 
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In 2024, an AAS Working Group on the Unified Astronomy Thesaurus (WGUAT) was 
established. This working group includes members from stakeholder representatives and 
general members. It is governed by a chair and vice-chair and reports to the AAS Board of 
Trustees. 

4.2.​ UAT Scope Statement 

Early on, it was decided that the UAT should contain all the terms necessary to completely 
describe the primary topics found in the mainstream refereed literature of astronomy and 
astrophysics. As the discipline expands over time, so, too, will the Thesaurus; for instance, 
additional terms describing exoplanets and gravitational waves will surely need to be 
incorporated into the Thesaurus within the next few years. In addition to deciding what should 
be included in the UAT, the boundaries of the Thesaurus have been intentionally delineated to 
define what must be excluded. Without a clearly articulated definition of scope, the task of 
maintaining a vocabulary can quickly get out of control as additional terms are incorporated. 
Concepts that are only tangentially connected to astronomy, or methods and techniques that are 
not specific to astronomy, are better described in external vocabularies, which can be 
referenced by, rather than incorporated into, the UAT. Similarly, existing taxonomies that detail 
named astronomical objects, instruments, and facilities are best kept outside of the UAT and 
managed by the existing groups that are currently curating them. 

The curatorial decisions limiting which concepts are represented in the UAT and which are kept 
out do not necessarily mean that descriptiveness needs to be compromised for the sake of 
expedience: other thesauri can provide the concepts needed to properly describe a 
multidisciplinary work that could not be fully described using an astronomy-focused thesaurus. 
One of the features of the Semantic Web (Berners-Lee et al. 2001) is the ability to interlink 
distributed concept schemes, and the Simple Knowledge Organization System (SKOS; section 
7.2) provides ways to formally map, reuse, or even delegate entire branches of a thesaurus to 
external knowledge systems. 

Reusing a concept allows a system to “borrow” it from an external source via a simple 
referencing mechanism. A publisher could use this mechanism to say that the top-level UAT 
concepts represent the astronomy branch of a higher-level physics vocabulary, which could also 
include high-energy physics concepts to fully describe an interdisciplinary cosmology paper. 
Finally, the SKOS standard allows one to extend a thesaurus by delegating parts of it to outside 
knowledge systems rather than incorporating their contents. One useful application of this 
capability for the UAT could be the delegation of object types to the SIMBAD ontology (Derriere 
et al. 2010). This delegation works both ways and allows a publisher such as IOP to simply 
adopt the UAT itself as the astronomy branch of its physics thesaurus. It should be noted that 
the choice of relying on external knowledge systems involves making certain compromises, the 
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most notable of which is a delegation of authority, and therefore control, over part of the domain 
being covered. 
4.3. ​ UAT Structure and Hierarchy 

Although there are a range of options for organizing a controlled vocabulary—all the way from a 
flat list of unconnected concepts to a structured arrangement of precise relationships—the 
format of a thesaurus was determined to best support the goals of search and findability. 
According to the ANSI/NISO standard on controlled vocabularies, a thesaurus is a “controlled 
vocabulary arranged in a known order and structured so that the various relationships among 
terms are displayed clearly and identified by standardized relationship indicators” (ANSI/NISO 
Z39.19, 2010). This allows us to define some general relationships between concepts using 
standard SKOS properties (e.g., “broader,” “narrower,” “related,” “preferred label,” and “alternate 
label”) while avoiding overly complex structures. 

Linking concepts together in child/parent relationships allows a user to follow a path from 
broader terms to narrower terms and to discover more specific terms to assist in finding the 
concepts that best describe their resource. This structure also helps to give additional context to 
each term, which can help clarify its meaning. More importantly, this hierarchy can inform 
searching and indexing applications that child terms are subsets of their parent terms and can 
be used to suggest related, alternative results to the user. 

Relationships between concepts in the UAT are defined by ISO 25964-1 and ISO 25964-2. They 
include the following: 

1) Broader – typically either a class/instance or whole/part relationship 

2) Narrower – reciprocal with Broader, typically an instance/class or part/whole 
relationship 

3) Use For – alternative labels, non-preferred terms, synonyms, aliases, acronyms 

4) Related – connections across the hierarchy, but the nature of the relationship is not 
defined. Examples: “Solar flares” and “Stellar flares” are related because they are 
essentially the same thing but in different areas of study. “Horizontal branch” and 
“Horizontal branch stars” are also related, but in a very different way than the previous 
example. In this case, one describes an aspect of the theoretical model of stellar 
evolution, and the other describes stars/objects that would be found on that branch. 

Using these relationships, the UAT is organized into a hierarchical structure under 11 main 
categories. It’s important to note that concept depth in this structure does not imply anything 
about the value of that concept. It’s simply an organizational structure, more typically related to 
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how expansive current literature on the topic is or how “new” the field is. As an example, most 
exoplanet astronomy terms are no more than four levels deep. Fields of research with longer 
history, such as galactic and extragalactic astronomy, can be five or more levels deep. Terms 
that happen to fall at level 5 in the galactic section and terms at level 4 in the exoplanet or solar 
system sections are not more or less important than one another. Similarly, two concepts at the 
same level in different sections of the UAT does not imply that these two concepts are equally 
granular. 

5 ​ Benefits of a Standardized Vocabulary 
in the Research Community 

5.1. ​ Benefits to Researchers in Astronomy and 
Astrophysics 

The concepts in the UAT create a standardized and consistent set of keywords that help to 
codify the language used to describe astronomy. Drawing descriptive metadata from a 
controlled vocabulary helps to assure that researchers are all using the same words and 
concepts to describe similar astronomical phenomena. Even though full text searching is 
becoming more common, if two researchers use vastly different words to describe similar events 
in their latest papers, even the most sophisticated AI program might not be able to make 
connections between their two documents. 

Use of the UAT in ADS will aid the researcher in identifying relevant publications as it will 
include term normalization (allowing for multiple expressions of the same concept to be 
captured in a single entry), concept disambiguation (allowing for different meanings of the same 
words to be specified depending on their context), and concept hierarchy (providing a structured 
way to navigate research topics). 

As more publishers adopt the UAT and the UAT is integrated into ADS, the WGUAT envisions a 
future where a researcher can click on a hierarchical concept and then expand or drill down to 
additional concepts to aid in discovery and research using the literature, a data archive, or 
proposal software system. 

Having an expansive, polyhierarchical vocabulary at one’s fingertips enables researchers to 
better describe their own research findings; they are not tied to a finite, antiquated, or imprecise 
list of keywords that may or may adequately capture new phenomena or a deeper 
understanding of existing concepts. As noted in Section 2, drawing descriptive metadata from a 
controlled vocabulary helps to assure that researchers are all using the same words and 
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concepts to describe similar astronomical phenomena, thereby aiding each other’s mutual 
discovery of new research. 

5.2. ​Benefits to Science Policy and Proposal Groups 

A community-shared and -controlled vocabulary benefits science policy groups and those 
responsible for managing the proposal process at their institution in a number of ways. By 
aligning your internal terms with a community system, individuals naturally adopt a systematic 
process to review, update, and continually automate the maintenance of terms. This helps avoid 
a stagnation in internal vocabularies. By having the entire community’s input and vocabulary 
terms available in a hierarchical structure, it is also easier to be more or less expansive, 
depending on your needs.  

With a more precise and hierarchical vocabulary, it is easier to match proposers to those most 
capable of reviewing the content from a scientific perspective. This will improve even more once 
the UAT is fully integrated in ADS and reviewers' literature is pre-mapped to UAT terms. 

The hierarchical nature of the UAT has simplified the reporting process. When asked to report 
on how many proposals support a particular field such as galaxy formation, it is now possible to 
group terms from within related UAT branches or group parent and child terms.  

5.3. ​ Benefits for Publishers 

The American Astronomical Society (AAS) has been owner and community steward of the 
open-source UAT since 2012 and established the UAT Steering Committee (now WGUAT). The 
AAS research journals include The Astronomical Journal, The Astrophysical Journal, The 
Astrophysical Journal Letters, The Astrophysical Journal Supplements, The Planetary Science 
Journal, and Research Notes of the AAS. The Astronomical Society of the Pacific’s Publications 
of the ASP has also adopted the UAT. AAS authors are now asked to assign UAT concepts to 
their submitted manuscripts. 

It is a challenge for publishers to ensure that their vocabularies grow to reflect new research 
areas. The community ownership of the UAT helps in many ways: 

●​ Community ownership ensures that the coverage of the UAT meets the community’s 
needs, providing publishers with an accurate and up-to-date vocabulary that reflects the 
view of the subject matter experts. Also of value is the process by which the community 
agrees to the correct labels to describe terms. There has been some debate on this 
already in several areas of the UAT, in particular planetary and exoplanetary terms. 
Publishers would find it slow and costly to get this level of subject expertise for 
proprietary vocabularies. 
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●​ With wide adoption the UAT offers a single vocabulary to provide a more cohesive user 
experience. This should extend well beyond publishers, to grant funding, data gathering, 
data publication, preprints, searching, and alerting. Publishers can be confident that their 
metadata aligns with community applications and that users are familiar with the terms 
through other systems. 

●​ A strong motivation for publishers to adopt the UAT is to ensure that the keywords and 
terms that describe publications improve the discovery of the content. High-quality 
metadata helps with indexing for searching and the growing number of automated 
discovery services that are based on AI. The UAT makes a high-quality, detailed 
vocabulary accessible to all discovery services due to its interoperability and open 
source code. 

5.4. ​ Benefits to Data Archives 

Adoption of the UAT is being pursued by several data archives and interoperability standards, 
including the following: 

●​ Catalogs in the CDS’s VizieR archive are assigned searchable UAT keywords. For 
example, search for uat:cataclysmic here and see the UAT field on the description page 
for each catalog. 

●​ The IVOA’s interoperability standards have adopted a mirror of the UAT as the 
vocabulary for the subject field in Virtual Observatory (VO) resources. A thing can be 
considered a resource if it is "a VO element that can be described in terms of who 
curates or maintains it and which can be given a name and a unique identifier ... it can 
be an abstract idea, such as sky coverage or an instrumental setup, or it can be fairly 
concrete, like an organisation or a data collection" (Plante et al. 2025). 

●​ STScI’s JWST proposal keywords, including target classification and science keywords, 
are mostly aligned to the UAT, and the former propagate into the MAST archive. These 
keywords are also used to help assign reviewers to JWST proposals.  

●​ Different sections of STScI are investigating the possibility of further adopting the UAT in 
various contexts, including the MAST archive and the Hubble Spectroscopic Legacy 
Archive data collection. 

Tagging astronomical datasets with science areas or target/object type classifications is often a 
requirement for observatories and their data archives, with the potential to enable user queries 
like “show me all observations where the intended target was a cataclysmic variable.” The use 
of such metadata in search applications has at times been stymied by databases that use 
multiple contradictory vocabularies, with some observations tagged with “cataclysmic variable,” 
others with “cataclysmic binaries,” and others with “CataclyV,” all meaning the same thing. This 
is a particular problem for interoperability between archives, as well as within archives hosting 
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observations from multiple observatories, spanning multiple teams and decades during which 
vocabularies and metadata standards shifted. 

The UAT offers a resolution to this conundrum: convert or map all legacy keywords into stable 
URIs from a unified vocabulary and encourage providers of new incoming data to switch to 
providing stable URIs from a unified vocabulary. For example, this URI — 
https://astrothesaurus.org/uat/203 — will always correspond to the concept of cataclysmic 
variables, even if someday we swap out our currently preferred label "Cataclysmic variable 
stars" for one of our alternative labels like “Cataclysmic binaries.” Furthermore, search 
applications could take advantage of the hierarchical structure of the UAT to empower users 
with options for query expansion to related keywords, such as expanding a search for 
“Cataclysmic variable stars” to also include data tagged with “Novae.” 

Adoption of the UAT by journals and ADS (Sections 5.3 and 6) also offers exciting opportunities 
for cross-travel between data and the literature, using UAT concept keywords as the bridge. The 
scientific significance of archival observations often evolves over the life of the data archive and 
extends well beyond that anticipated by the proposers of the observations. Keeping track of this 
evolution by tagging observations with terms reflecting their later use in the linked literature 
makes it possible to track the evolving significance and scientific legacy of data holdings and 
find relevant observations based on common vocabularies. 

5.5. Benefits to Bibliographers 

Curated mission bibliographies are powerful tools to assess the scientific impact of a mission 
and allow astronomers to back-search for observations that have contributed to one or more 
publications. The granular linking of observations and publications that lies at the core of the 
bibliographic effort is asymmetric, however: the wealth of metadata and properties associated 
with each observation is not matched by a similarly comprehensive characterization of the 
scientific concepts discussed in the linked publications. In other words, it is relatively easy to 
retrieve publications linked to a selected set of observations, but the opposite is not true, leaving 
only connections to strictly bibliographic information (bibcode, journal, authors info, authors’ 
institutions, year of publication, etc.). The UAT provides a great opportunity to tag publications 
associated with a set of observations with astrophysical concepts, sources, and phenomena 
during the data linking procedure, either by ingesting the UAT keywords applied to the 
manuscript during publication or by manually classifying the research paper if no UAT keywords 
have already been applied. 

5.6. ​ Potential for Integrating Data Archives with 
Publication Archives 
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Currently, public data can be searched through a combination of spatial, instrumental, time and 
target-related criteria that often do not carry hints about the information content and the 
astrophysical value of the data. Even in the case of data tagged with science categories and 
target types from their associated observing proposals, these tags only mirror the a priori 
assumptions about the scientific content of the observation. Unpredictable usage of the data, 
serendipitous discoveries and insights derived from the aggregation of heterogeneous 
observations cannot be reflected in any of the properties usually employed to identify the 
observations. The gap between the original predicted content of observations and their 
accumulated, post-analysis scientific value only increases with time, making the same set of 
"classical search criteria" more and more inadequate as archives grow. 

One way to work around this fundamental issue is by leveraging the community-based semantic 
enrichment of the literature allowed by the UAT. This can be done by incorporating the papers' 
UAT annotations into the archives, linking the annotations with the relevant observation and by 
making the UAT terms searchable. In this way, the UAT will bridge the divide between the 
nominal properties of data and their actual scientific value. 

The archives of many existing missions already link their data to scientific publications as a way 
to build a comprehensive bibliographic record of their impact. The UAT provides an opportunity 
to revolutionize how searches are performed and serve the astronomical community with an 
evolving concept- and idea-driven new framework for archival queries that extends into regions 
of the search parameter space inaccessible in any other way. 

5.7. ​ Benefits to Information Science Researchers  

As a curated and openly available controlled vocabulary, the UAT is also a promising research 
tool for learning about the evolution and community dynamics of astronomy as an intellectual 
domain, as well as a platform for innovation in machine learning and natural language 
processing applications. 

Broadly speaking, controlled vocabularies offer robust capabilities for subject classification and 
efficient database searching. Classification schemes like the UAT also inevitably reflect 
epistemic social structures that can be analyzed by social and information scientists as cultural 
information systems. Beyond subject classification and societal impact, controlled vocabularies 
have been used to measure field development in other domains, such as medicine and physics. 
Furthermore, in the areas of natural language processing (NLP) and machine learning, ongoing 
innovations in supervised and unsupervised machine learning, text analysis, and computational 
linguistics techniques have opened a new research frontier in which text data can be used on a 
large scale to address pertinent research questions. 

UAT terms will soon be automatically assigned to previously published documents, utilizing 
modern methodologies through which it should be possible to accurately predict terms for 
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untagged documents, and at the same time methodologically informing other disciplines 
attempting a similar task. Finally, the UAT can also be used to observe how the use of concepts 
changes over time through what can be referred to as “semantic drift” or “concept drift.” Overall, 
these and other research efforts depend on widespread use of the UAT over time, ensuring that 
a sufficient number of documents are tagged with UAT terms, to fully exploit the UAT as a 
research tool for social science and information science.  

6 ​ ADS Integration 
ADS is a NASA-funded digital library that has served astronomers since the 1990s. Globally, the 
average astronomer uses ADS daily to find scholarly literature, datasets, and software. Its 
astronomy collection includes 3 million records,10 including scanned articles dating to the 19th 
century. At the request of NASA, ADS is expanding as the Science Explorer (SciX) to serve 
researchers in heliophysics, planetary science, and earth science as well. Consequently, the 
overall SciX holdings are over 26 million records.11 While enabling astronomers to find relevant 
scientific research has always been the ADS mission, increasing content brings the challenge of 
potentially irrelevant results and the opportunity of greater cross-disciplinary discovery. 

As mentioned earlier, a single consistent keyword for astronomy literature and research 
products would increase the findability of such works. Inconsistent or unavailable keywords 
reduce the results returned from a search. With the inclusion of earth science research products 
in SciX, the need to describe astronomy research well becomes critical. Increasing the 
findability of and access to research output should also increase the reuse of valuable scientific 
assets. 

SciX is developing Artificial Intelligence (AI)-enhanced tools to assign UAT keywords to the 
research papers and other research products it indexes. The AI-generated keywords are visible 
now on the SciX abstract view of a paper. Because SciX retains a curatorial staff, corrections to 
individual records are possible with such feedback improving future algorithms. SciX is 
considering additional exploratory features using the UAT keywords for future development. 

SciX assigns UAT URIs to papers but displays the preferred label as the keyword. Therefore, 
changes in preferred labels will propagate seamlessly. 

For other disciplines, SciX plans to develop additional AI-tools to assign other keyword systems, 
such as the Global Change Master Directory (GCMD) keywords used in earth science,12 to 

12 NASA Earth Data, GCMD Keyword Viewer, 
https://gcmd.earthdata.nasa.gov/KeywordViewer/scheme/all?gtm_scheme=all 

11 Holdings 2025 May 20 
10 Holdings 2025 May 20 
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papers in those collections. Eventually, SciX will link similar concepts in the different controlled 
vocabularies to facilitate cross-disciplinary discovery.  

7 ​ Linked Data, Interoperability, and FAIR  

7.1. ​ FAIR Vocabularies 

In 2016, a group of scientists and organizations that support open practices and the reusability 
of data published an article (Wilkinson et al. 2016) introducing the FAIR Data Principles. FAIR is 
an acronym for Findable, Accessible, Interoperable, and Reusable that represents a set of 
guiding principles describing how to make data open and available, especially as more complex 
data are being created in larger volume and faster than ever before. 

Since then, these principles have been adapted to apply to information resources outside 
datasets, including a set of guidelines that govern FAIR Vocabularies. For a vocabulary to be 
FAIR, it should be 

● ​ Findable: be registered (indexed, listed) in a vocabulary service 
● ​ Accessible: be available on the web, downloadable 
● ​ Interoperable: encoded in a standard representation, such as the Web Ontology 

Language (OWL) or SKOS and domain-specific extensions 
● ​ Reusable: licensed and maintained, ideally with an open license 

7.2. ​Semantic Web / Linked Data / Interoperability 

The UAT is built using Semantic Web and Linked Data standards. Publishing a vocabulary as 
Linked Data means it is on the web and findable using a unique identifier, or URI, and that when 
the URI is retrieved, a machine-readable representation of the concept is returned. 

To be part of the Semantic Web, the UAT uses SKOS, which is a data model that provides a 
standard, lightweight, and intuitive language for developing and sharing vocabularies, 
taxonomies, and thesauri. SKOS includes a list of specific metadata labels, such as 
“skos:broader,” “skos:narrower,” and “skos:related” which create semantic links between 
different concepts within the UAT. 

SKOS also provides mapping properties, which are used to define links between SKOS 
concepts found in different vocabularies or thesauri. These relationships (such as 
“skos:closeMatch,” “skos:exactMatch,” and “skos:broadMatch”) can be used to connect the UAT 
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to concepts in other schema such as Wikidata, OpenAlex, or PhySH (the Physics Subject 
Headings, from the American Physical Society). 

Concept mapping in this manner provides a way to establish semantic similarity between a term 
in the UAT and an external knowledge base. Using concept mapping allows a curator for a 
project such as WikiData (Vrandečić & Krötzsch 2014) to link concepts in Wikipedia to 
corresponding concepts in the UAT, stating, for instance, that the UAT concept for “G stars” is 
equivalent to the Wikipedia category “G-type star.” As more resources are linked to WikiData, 
such curation allows for cross-vocabulary mapping, which will increase interoperability across 
knowledge systems and disciplines. This is the approach behind the Linked Data effort (Heath & 
Bizer 2011), which attempts to publish and interlink structured data on the web. While this is, in 
general, a good thing, one should be aware of the fact that any such mapping is subject to 
interpretation and approximation, which means that the result of these efforts may present new 
challenges to those attempting to leverage them. 

8​ Steps/Considerations to Implementing UAT 

8.1. ​Technical Recommendation  

This outline describes recommended approaches for implementing the UAT. It does not describe 
the code or functions necessary to integrate the UAT into a platform; rather it is meant to 
highlight what a developer should or could aim for when working on their software. 

 Initial Implementation 

● ​ Download the UAT.rdf file from the most recent release on the GitHub Repository 
●​ Upload it as a local file for your implementation. 
● ​ Build an application suitable for your platform that uses your local RDF copy of the 

UAT as its source for keywords. (See “Recommended Levels of Implementation” 
below.) 

● ​ Make sure to include the concept identifier or URI along with the human readable 
labels. 

○ ​ For publishers, it is highly recommended that concepts be provided to ADS 
as full URIs. If URIs are not technically feasible, then concepts should be 
provided in the alternative format, which consists of the human readable label 
followed by a space and then the ID in parentheses.  
 
Examples: 

■  ​ Full URI (preferred): http://astrothesaurus.org/uat/1988 
■   ​ Alternative format: Active solar corona (1988) 
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Updating Your Implementation 

●​  In a developer or test environment for your application, replace your local RDF copy 
of the UAT with the new version. 

● ​ Test your application to make sure everything works as expected. 
● ​ Update your application as needed. 
● ​ On, or shortly after, the official release date, implement the updated application on 

your production environment and replace your local RDF copy of the UAT with the 
new version. 

Standalone Tools 

Concept Selection Widget: https://astrothesaurus.org/concept-select/ 

Source Code: https://github.com/AASJournals/uat-chooser 

 Recommended Levels of Implementation 

 Flattened Concept List 
●​ Your application includes all concepts from the UAT. 
●​ Your application always keeps the URI or numeric identifier attached to a concept at 

all levels of usage. 
○ ​ The numeric identifier is the set of numbers found at the end of a concept 

URI. 
■ ​ URI: http://astrothesaurus.org/uat/1988 
■ ​ Identifier: 1988 

○ ​ The preferred format consists of the human readable label followed by a 
space and then the ID in parentheses. 

■ ​ Example preferred format: Active solar corona (1988) 
● ​ Your application allows users to view information about a concept, including 

its parent and child concepts. 
● ​ Your application allows users to select concepts to apply to content. 

Basic Hierarchical Support 

All of the above, plus 

● ​ Your application may allow parent/child concepts to be navigable and viewed. 

Full Hierarchical Support 

 ​ All of the above, plus 
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● ​ Your application includes the ability to travel up and down the hierarchy, viewing 
content associated at these various levels. 

● ​ Your application allows you to roll up or group content by parent concepts. 
■ ​ See cautionary note under “Does the UAT support transitive inference?” FAQ 

question below. 

Full SKOS/XML Implementation 

 ​ All of the above, plus 

● ​ Your application allows for the usage of multiple SKOS-based vocabularies, which 
could be used to fill in gaps. 

○ ​ For example, a journal on astronomy education may wish to include 
pedagogy concepts that are not in scope for the UAT. 

Specialized Implementations 

These specialized implementation guidelines would all require additional maintenance 
above and beyond simply updating the UAT RDF file. 

Partial Subset 

● ​ Only recommended for situations in which content is naturally limited, such as data 
systems, telescope proposal systems, etc. 

○ ​ For example, certain telescopes can only observe certain targets, or are 
funded for specific types of research. 

● ​ Publishers are strongly encouraged to utilize the full UAT in their implementation so 
as to not impose artificial limitations on authors. 

Custom URIs 

● ​ A UAT mirror with custom URIs. (IVOA) 
● ​ Only recommended for edge cases where numeric IDs are not technically feasible. 
● ​ Each concept should point to the original UAT URI using the skos:exactMatch or 

owl:sameAs relationships. 

Custom Organization 

● ​ Similar to custom URIs, but in addition to using new URIs, concepts are also 
organized in a custom fashion. 

● ​ Only recommended in edge cases where the existing UAT hierarchy is not useful. 
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9 ​ FAQs 
Is the UAT Open Source? 

Yes! The UAT is available under the CC-BY-SA license, meaning that anyone is allowed to use, 
share, and adapt the UAT, provided that they give appropriate credit to the UAT and the 
American Astronomical Society, and apply the same license to any adaptations. The UAT is 
meant to be a tool for the astronomical community, and the more it is adopted, the more useful it 
is for everyone. 

Is the UAT FAIR? 

Yes! See Section 7.1 Fair Vocabularies for more information. 

Does the UAT change? 

Yes! The UAT is actively curated according to its Curation Process, a process that evolves with 
community needs. New versions are released approximately annually according to the UAT 
Release Cycle.  

Can I use the UAT to categorize things other than astronomy research articles? 

Yes! Organizations are using the UAT to categorize things such as observing proposals and 
datasets as well as research articles. In general, if it makes logical sense to apply a UAT term to 
something, go ahead! By using the UAT, you then make it possible to interrelate your things to 
all of the other articles, datasets, proposals, etc., that have also been UAT tagged. 

Who is in charge of the UAT? 

The UAT is overseen by the AAS Working Group on the Unified Astronomy Thesaurus 
(WGUAT). Membership of this group includes stakeholders representing publishers, libraries, 
data providers, and the astronomy community. 

There isn’t a concept in the UAT that exactly covers my topic. Now what? 

In this case, there are a few approaches you can take: 

1) Use two concepts that together cover the topic you are interested in. For example, a 
paper about the atmosphere of Venus could use the concepts “Planetary atmosphere” 
and “Venus” to fully describe their work. 

2) Search for broader or narrower concepts. 
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3) Recommend a change to the UAT. The UAT thrives on community input! See the UAT 
Contributions web page for information about how to get involved. In most cases you 
might start by creating a GitHub issue to recommend a new concept or suggest other 
changes. Please include contextual information, such as background information, and 
suggest where new concepts could live within the hierarchy.​
​
Some new concepts might be appropriate for your use case, but not within scope for 
inclusion into the UAT. In these situations, consider tagging your content with multiple 
vocabularies, as described below. If you envision a larger contribution, adding or 
reorganizing many related terms, you can still start with GitHub, or you might wish to 
engage more directly with one or more members of the WGUAT. A major responsibility 
of the Working Group is to understand the needs of UAT users and guide its 
development to meet them. 

My journal or data archive contains both astronomy and geophysical (or some other 
topic) content, but the UAT is only focused on astronomy. How do I describe non- 
astronomy content?  

As a content publisher or manager, consider SKOS vocabularies more generally as a solution 
for descriptive metadata. As mentioned in Section 7. Linked Data, the UAT follows common 
standards for building vocabularies and thesauri, and these standards are built with the idea that 
different vocabularies can—and should—be used in concert. 

Is there a mapping between SIMBAD’s object type vocabulary and the UAT? 

A mirror of the UAT is the IVOA’s subject vocabulary for VO Resources, while a mirror of 
SIMBAD’s object type vocabulary is the IVOA's preliminary draft for an astronomical object type 
vocabulary. One can imagine, therefore, situations where you might want to convert between 
the two, while using the UAT in some contexts and SIMBAD’s object type vocabulary in other 
contexts. Fortunately, our IVOA colleagues have mapped most SIMBAD concepts to their 
corresponding UAT concepts in the underlying RDF file available from the IVOA, using the 
skos:exactMatch property (see Section 7.2). It thus should be relatively easy for databases and 
downstream applications to convert from SIMBAD concepts to UAT concepts.  

The reverse, converting from UAT concepts to SIMBAD concepts, may be more challenging at 
this time. The UAT includes many concepts, including more specific subtypes and components 
of astronomical object types, that are intentionally not within the scope of SIMBAD’s vocabulary. 
Many narrow UAT concepts surely have a broader SIMBAD concept that could be mapped to 
with the skos:broadMatch property, but at this time we have not performed that mapping. 

Can the UAT support transitive inference, with automatic query expansion from a 
concept to all of its descendants in the vocabulary’s SKOS hierarchy? Put another way, 

 
21 

​ ​ ​ ​  

https://astrothesaurus.org/contribute/
https://astrothesaurus.org/contribute/
https://github.com/astrothesaurus/UAT/issues
https://astrothesaurus.org/about/governance/
https://www.ivoa.net/rdf/uat/
http://vizier.u-strasbg.fr/cgi-bin/OType
https://www.ivoa.net/rdf/object-type/
https://www.ivoa.net/rdf/object-type/
https://www.ivoa.net/rdf/object-type/


​ ​ ​ Unified Astronomy Thesaurus Handbook 
 

the contextual meaning of some UAT concepts seems to change depending on the path 
through the tree that you took to get to them; what’s going on? 

We plan to develop support for transitive inference in the future, but currently the UAT’s concept 
hierarchy does not reliably support transitive inference. At the moment, caution is warranted if 
you are considering automatic query expansion to a concept’s hierarchical descendants. 

Imagine, for example, that a concept “Active galactic nuclei” has a descendant concept “Radio 
jets,” either as a direct child concept or as a more distant descendant. Automatic query 
expansion to a search term’s descendants would cause a search for “Active galactic nuclei” to 
yield all results tagged with “Radio jets” too. This may be dangerous, because radio jets appear 
in other astrophysical contexts (e.g., protostars) unrelated to AGN, polluting your AGN 
researcher’s search results with unwanted protostar content. 

We plan to revise the UAT to change this, which will take a lot of work! If you notice other 
examples, you can help us out by reporting them in a Github issue. 
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