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ABSTRACT

This paper outlines our practice to enhance the findability and searchability of research
data through metadata conversion from the Space Physics Archive Search and Extract
(SPASE) schema to a more generic schema, the Japan Consortium for Open Access
Repository (JPCOAR) schema, and registration of converted metadata in institutional
repositories. Traditionally, earth and space science research data have been organized
using the SPASE schema. Although the SPASE schema is comprehensive, its usage
has been restricted to highly professional databases, limiting broader accessibility
and impeding cross-disciplinary research. We discuss a case study at Nagoya
University where 284 metadata records were converted from SPASE to JPCOAR, and
illustrate the process and benefits of this conversion. This approach significantly
improved the visibility and usability of metadata across various platforms like the
Institutional Repositories DataBase (IRDB), the Data Catalog Cross-Search System,
and Google’s Dataset Search, extending access to a wider range of users beyond
the highly professional scientific community. This approach also aligns with national
policies in Japan on research data management and simplifies metadata handling
for researchers. Future direction includes expanding this conversion and registration
model to other universities and institutions by leveraging the ubiquity of the SPASE
schema in the earth and space science fields. Our practice may be useful in other
research fields. This initiative aims to improve the overall findability of research data, to
foster cross-disciplinary collaboration, and to enhance the value of research data itself
and of creators and managers of the data.
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1. INTRODUCTION Nosé et al.
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generally created following the Space Physics Archive Search and Extract (SPASE) metadata
schema (Roberts et al., 2018). The SPASE metadata schema is established by an international
consortium including the National Aeronautics and Space Administration (NASA) and the
Japan Aerospace eXploration Agency (JAXA). The consortium updates the schema periodically
with the latest version being 2.6.0 as of April 2024. The SPASE metadata schema has been
developed primarily for describing satellite observation data, but the latest version, 2.6.0
can also describe data obtained from ground-based observations, computer simulation, and
modeling. The definition of the SPASE metadata schema is available on the SPASE website
(https://spase-group.org/). Figure 1 shows the highest layer of the namespace diagram of the
SPASE metadata schema. It features a multi-layered hierarchical structure designed to describe
detailed information on research data generated through various methods. The hierarchical
structure includes approximately 2,200 descriptive elements.
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One example of a metadata database created with the SPASE metadata schema is the
Heliophysics Data Portal (https://heliophysicsdata.gsfc.nasa.gov/). This database contains
about 3,000 entries of metadata, mainly for satellite observations. Researchers can use the
search function on this website to obtain information regarding types of research data, periods
of availability, data creators, and procedures for accessing the data.

Another example of a metadata database is that provided by the Inter-university Upper
atmosphere Global Observation NETwork (IUGONET) project (https://www.iugonet.org/). This
project was initiated in 2009 by seven institutions from five universities in Japan that promote
the research of earth and space science based on ground-based observations (Hayashi et
al,, 2013; Tanaka et al,, 2022). To date, metadata have been created according to the SPASE
metadata schema for approximately 1,200 different types of observations relating to research
data acquired and stored by each institution. This metadata database is publicly available from
the IUGONET website (http://search.iugonet.org/) in the same manner as the Heliophysics Data
Portal, allowing researchers to obtain information on the research data they need to conduct
their studies.

As described above, in the field of earth and space science, metadata databases have been
created, and research infrastructure has been developed so that users can easily obtain
information on research data through the search of such databases. In this sense, the
“Findability” aspect of the FAIR Principles (Wilkinson et al., 2016) has been greatly improved
within this research field. However, the search for these metadata databases is still available
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only through the highly professional websites of Heliophysics Data Portal and IUGONET. Thus,
for the broader research community outside of the field and the general public, the ‘Findability’
has not increased. To promote interdisciplinary research and citizen science, the findability and
searchability for research data need to be improved.

We attempted to solve this problem by (1) converting metadata described in the SPASE metadata
schema to those described in a widely-used generic metadata schema and (2) registering the
converted metadata in an institutional repository. Section 2 describes in detail the above two
steps to improve the findability and searchability of research data. We also describe the results
of this practice performed at Nagoya University for 284 metadata files. In Section 3, we report
that, as a derivative effect, the periodic harvesting among metadata databases has broadened
the findability and searchability of research data to a greater degree than expected. We also
explain that this practice fulfills demands for research metadata management from policy-
making authorities. Section 4 describes future prospects for further improvement of findability
and searchability of research data.

2. PRACTICES FOR IMPROVING FINDABILITY AND
SEARCHABILITY

2.1 CONVERSION FROM SPASE METADATA SCHEMA TO GENERIC METADATA
SCHEMA

As a first step towards increasing discoverability, we used the schema developed by the Japan
Consortium for Open Access Repository (JPCOAR) (https://jpcoar.repo.nii.ac.jp/) as a target
generic metadata schema. As of April 2024, the JPCOAR metadata schema is version 2.0
and consists of 44 elements as shown in Figure 2 (https://schema.irdb.nii.ac.jp/). Because it
is general-purpose, the JPCOAR metadata schema cannot contain detailed and professional
information that can be described in the SPASE metadata schema, but it does include the
minimum information necessary to access the data, such as title, creator, contributor, access
rights, description, and identifier. We created a table of mapping items from the SPASE metadata
schema to the JPCOAR metadata schema using an Excel table. Figure 3a'is a part of the mapping
table, showing which items in the JPCOAR metadata schema (green boxes) correspond to items
within the SPASE metadata schema (blue boxes). The creation of this mapping table required
discussions between researchers in the field of earth and space science who understand the
contents of the SPASE metadata schema and library staff who understand the contents of
the JPCOAR metadata schema. The completed mapping table was implemented with XSL
Transformations (XSLT) with assistance from an information science engineer. Figure 3b shows
the initial part of the XSLT file. The important thing was to have face-to-face meetings among
the researchers in the field of earth and space science, the library staff, and the information
science engineer. This practice could not be carried out if any one of them was missing.
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Figure 2 Forty-four elements
for JPCOAR metadata schema
version 2.0.
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This XSLT file and metadata files based on the SPASE metadata schema were processed into
xsltproc, an XSLT processor, to convert metadata files from SPASE to JPCOAR. We targeted
metadata files that have been created and managed at Nagoya University, which amount to
284 out of approximately 1,200 metadata files within the IUGONET project.

2.2 REGISTRATION OF JPCOAR METADATA IN INSTITUTIONAL REPOSITORY

The 284 JPCOAR metadata files were registered in Nagoya University’s institutional repository
(NAGOYA Repository, https://nagoya.repo.nii.ac.jp/). The JPCOAR metadata schema is widely
used in institutional repositories in Japan, and therefore, the registration process was simple.
Figure 4 displays a web page showing a list of the registered metadata (upper-left) and a web
page showing general information on a specific database that is accessed from the list (lower-
right).

EEEATFAR Y )

A Repository I e EE)

284 results

a0 Institute for Space and Earth Environmental Ressarch | H300i Data or Datasel | IUGONET

Keogram data derived from auroral images taken by the all-sky
EMCCD imager with a RG665 filter at Kevo, Finland

it /ol handle net2237/0002004390

23 nttps iergss isee nagoya-u. ac jpipsa-gnaiin/psa cgi

ttem type. itemtype_data_ver (1)
PubDate 20230131 e
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0=1668993801802 Title Keag

taken by the allsky EMCCD

Versions

Ver1 220120

Contributor

https://nagoya.repo.nii.ac.jp/records/2004390

Institutional repositories are familiar to researchers and general users for accessing scholarly
information such as research bulletin papers, journal articles, dissertations, research reports,
and various teaching materials. Making the information discoverable by a broader audience
through the institutional repository greatly improved the findability and searchability of
research data, versus being accessible only through the domain-specific IUGONET website.
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Figure 3 (a) A part of the
mapping table between items
in the JPCOAR metadata
schema (green boxes) and
items in the SPASE metadata
schema (blue boxes). (b) An
initial part of XSLT program
implementing the mapping
table of Figure 3a.

Figure & Screenshots of a
NAGOYA Repository site
showing a list of the 284
registered metadata (upper-
left) and a NAGOYA Repository
site showing general
information on a specific
dataset that is accessed from
the list (lower-right).
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3. DERIVED EFFECTS

3.1. IMPROVEMENT OF SEARCHABILITY IN WIDER RANGE OF FIELDS BY
METADATA HARVESTING

Metadata registered in academic institutional repositories such as the NAGOYA Repository are
automatically harvested on a regular basis by the Institutional Repositories DataBase (IRDB,
https://irdb.nii.ac.jp/) operated by the National Institute of Informatics (NII). Then, the IRDB
metadata database has been incorporated into the Data Catalog Cross-Search System, which
collects information on data held and released by governmental agencies or local governments
in response to the government’s promotion of open data. The metadata can also be searched
at the Data Catalog Cross-Search website interface (https://search.ckan.jp/). The metadata are
also available through Google’s Dataset Search (https://datasetsearch.research.google.com/).

Figure 5 shows an example of how information on research data registered in the NAGOYA
Repository is found by searching on the other metadata databases described above, owing to
the metadata schema conversion conducted in this practice. Figure 5a shows the information
on aurora image data from Finland managed by the IUGONET project, which was converted
from the SPASE metadata schema to the JPCOAR schema and registered in the NAGOYA
Repository as described in Section 2. This information is regularly harvested among metadata
databases such as IRDB (Figure 5b), the Data Catalog Cross Search System (Figure 5¢), and
Google’s Dataset Search (Figure 5d), so that information on the Finnish aurora image data
became available more broadly.

(a)

NAG@YA Repository

Keogram data derived from auroral images taken —
by the all-sky EMCCD imager with a RG665 filter : - .

at Kevo, Finland

https://nagoya.repo.nii.ac.jp/records/2004390 1 https://irdb.nii.ac.jp/01152/0005688110

(C) [y —— [omaone Lvonn] rnm] (d) Gongle a °om

Keogram data derved from auroralimages taken by theal-sky EMccD = 7 ¢

Keogram data derived from auroral images taken by the all-sky

EMCCD imager with a RG665 filter at Kevo, Finland s
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https://datasetsearch.research.éooglé.cbm/search?
__dataset:oai-irdb-nii-ac-jp-01152-0005688110 docid=L2cvMTFrOV90NjZkcg

Converting the SPASE metadata schema to a generic metadata schema and registering it in
an institutional repository not only enables searches of the Nagoya University institutional
repository, but also enables data to be found more easily over a wider area due to auto-
harvesting among metadata databases.

3.2. HANDLING REQUESTS FROM POLICY-MAKING AGENCIES

In Japan, the Basic Policy on the Management and Utilization of Publicly Funded Research Data
was published by the Council for Science, Technology and Innovation of the Cabinet Office in
April 2021 (https://www8.cao.go.jp/cstp/kenkyudx.html). According to this policy, researchers
are required to define the scope of research data to be managed based on the data policy
which is defined by their institution and funding agencies for publicly solicited research funds,
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Figure 5 Examples of
metadata information

found in various metadata
databases that are regularly
and automatically collecting
metadata from each other. (a)
A web page of the NAGOYA
Repository showing the
information on aurora image
data in Finland managed

by the IUGONET project. (b)
Metadata information on the
aurora image data in Finland
that is available from IRDB.
(c) The same as Figure 5b,
but available from the Data
Catalog Cross-Search System.
(d) The same as Figure 5b,
but available from Google’s
Dataset Search.
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and to register metadata of the research data so that they can be searched on a research
data infrastructure system. The research data infrastructure system referred to here is the
information infrastructure called ‘NII Research Data Cloud’ (https://rcos.nii.ac.jp/service/),
which NII started full-scale operation in 2020. The metadata schema used in this infrastructure
system is called ‘Common Metadata Items’ and consists of 15 items, including title, research
field, creator name, and so on, as shown in Figure 6.

(As of 31 March 2023)

Flements Mandatory/ Remarks
Optional
1| Fomder Mandatorys |E"8/Eh abbreviation of funding agencies (including ministies) providing public research funds.
No entry required except for public research funds.
Funding Stream Code in Japan Grant . In the case of public research funds, the code for “Agency Code" and “Program Specific Code” in the Japan Grant
Optional . y
2 | Number Number. No entry required except for public research funds.
Program Name Optional |The name of the competitive research funding program
Japan Grant Number Mandatory* In the case of Puhhc research fund.s, the Japan Grant Number assigned to each research grant.
5 No entry required except for public research funds.
P Mandatory* |The name of the scape of R&D under the PM (e-Rad Project Name, etc.).
g ™" |if there is no official name, enter this according to the rules of the researcher’s affiliated
The number to uniquely identify managed data.
4 | Data No. Mandatory |Assigned by the funding agency providing public research funds.

Assigned by the Hosting Institution (element 14) except for public research funds.

5 | Title vy |Avoid ambiguous titles such as ‘Conference Materials’, ‘Repart Materials’, “Measurement Results’, etc.
6 | Date (Issued/Updated) datory |The date on which data was issued/updated
7 | Description datory |Describe the contents in a simple and clear manner
8 | Research Field Mandatory* |e-Rad research field (main field). This will be ically entered in cooperation with e-Rad.
On the research data infrastructure system, the default is usually ‘dataset’; however, a type other than ‘dataset’
9 | Data Type Mandatory - .
lcan be selected according to the characteristics of the data.
g . Describe by classifications such as less than 1GB, more than 1GB and less than 10GB, more than 10GB and less
10| File Size Optional

than 100GB, 100GB or more
Describe free/not free, license information, other

Data Utilization and Provision Policy d ditions (how to dite, etc.)

Y
11| Access Rights y |Select from open access/ restricted access/ data only access/ embargoed access
Available Date datory [If the embargoed access is selected, enter the Available Date.
12 Repository Information dand y |Current repository information or repository information after the project
Repositary URL/DOI Link Optional _[Enter this if there is information
Creator Name Optional  |[The name of the researcher who created the d data.
3 Creator Name Identifier (e-Rad) Optional _|e-Rad Researcher Number of the creator of the managed data
Hosting Institution datory [The legal name of the R&D institution that manages each data
Hosting Institution Code Optional  |The code of the Hosting Institution
14 Data Manager Mand. y |The name of the person who manages each d data in the Hosting Institution

le-Rad Researcher Number of the manager. No need to fill this in if the Data Manager does not have an e-Rad

Data M: Identifi -Rad| Optional
ata Manager Identifier (e-Rad) PHOnal Researcher Number; Mandatory if he/she has, unless she/he wishes to keep the number private.
Contact of Data Manager datory |The address, telephone number, email address, etc. of the Data Manager’s affiliated institution
15| Remarks Optional

*In the case of publicly funded research activities

Courtesy of Bureau of Science, Technology and Innovation, Cabinet Office, Government of Japan
(Taken from https://www8.cao.go.jp/cstp/ms_metadatainstructions_en.pdf)

For researchers, in terms of distribution of research data and contribution to the research
community, it is more important to create detailed metadata based on the metadata schema
used as a standard in their field (in the case of space and earth science, the SPASE metadata
schema). On the other hand, creating new metadata according to the Common Metadata
Items described above may complicate research data management because of the doubling
of metadata management.

The metadata schema conversion and registration in institutional repositories introduced
in Section 2 satisfies both the requirement of the policy-making agencies and unification of
metadata management, because institutional repositories are included in the NII Research
Data Cloud. Consequently, this will reduce the burden on researchers.

4. FUTURE PLANS

Figure 7 shows an overview of this practice and future plans. We have converted the metadata
schemas for the 284 metadata files that have been created and managed at Nagoya University,
and registered them in institutional repositories (Figure 7, Phase 1). Similar procedures can
be applied to other universities and research institutes if they have metadata created with
the SPASE metadata schema and institutional repositories (Figure 7, Phase 2). In the IUGONET
project, in particular, each of the seven participating institutions creates and manages
metadata based on the SPASE metadata schema, which will assist in making rapid progress.
Kyushu University has created 180 metadata files. We are currently in the process of converting
these metadata and registering them in Kyushu University’s institutional repository to further
improve the findability and searchability of research data.
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Figure 6 “Common Metadata
Items” metadata schema that
is defined by the information
infrastructure called “NII
Research Data Cloud”.
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In addition, the SPASE metadata schema is often used in the field of earth and space science,
so the XSLT file we have created (Figure 3b) is available on GitHub (https://github.com/iugonet/
SPASE-JPCOAR) for wider use.
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Outside of the field of earth and space science, there are likely to be many metadata databases
created on the basis of metadata schemas of specific fields. Such metadata databases may
be difficult to notice and use by researchers outside of the fields. We can improve the overall
findability of research data by converting a domain-specific metadata schema in each field to
the JPCOAR metadata schema and registering the metadata in institutional repositories, as
we did in this practice (Figure 7, Phase 3). We will contribute to the promotion of research data
distribution and cross-disciplinary joint research by providing the knowledge and experience we
have obtained in this practice. We also expect to contribute to an appreciation of the research
data itself and of the creators and managers of the research data through the increased use
of the research data.
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Figure 7 A schematic diagram
of this practice and future
plans. At the present time,

we have converted the
metadata schemas for the
284 metadata files that have
been created and managed
at Nagoya University, and
registered them in institutional
repositories (Phase 1). This
conversion and registration
procedure will be applied

to other universities and
research institutes where the
SPASE metadata files and
institutional repositories are
available (Phase 2). The same
procedure will be applied

to the research fields other
than earth and space physics,
where metadata are created
according to a domain-specific
metadata schema (Phase 3).


https://github.com/iugonet/SPASE-JPCOAR
https://github.com/iugonet/SPASE-JPCOAR

this practice at regular meetings. YT, SA, SU, SI, YS, LB provided information about the SPASE
metadata schema and metadata database. TA (Takuya Ashikita), YH, TS, NO, KH, SA examined
the possibility of implementing this practice at Kyushu University. All authors contributed to the
manuscript by editing or commenting on the text and figures.
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