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A B S T R A C T

Exemplified on the information system PANGAEA, we describe the application of terminologies for archiving
and publishing environmental science data. A terminology catalogue (TC) was embedded into the system, with
interfaces allowing to replicate and to manually work on terminologies. For data ingest and archiving, we show
how the TC can improve structuring and harmonizing lineage and content descriptions of data sets. Key is the
conceptualization of measurement and observation types (parameters) and methods, for which we have im-
plemented a basic syntax and rule set. For data access and dissemination, we have improved findability of data
through enrichment of metadata with TC terms. Semantic annotations, e.g. adding term concepts (including
synonyms and hierarchies) or mapped terms of different terminologies, facilitate comprehensive data retrievals.
The PANGAEA thesaurus of classifying terms, which is part of the TC is used as an umbrella vocabulary that links
the various domains and allows drill downs and side drills with various facets. Furthermore, we describe how TC
terms can be linked to nominal data values. This improves data harmonization and facilitates structural trans-
formation of heterogeneous data sets to a common schema. Technical developments are complemented by work
on the metadata content. Over the last 20 years, more than 100 new parameters have been defined on average
per week. Recently, PANGAEA has increasingly been submitting new terms to various terminology services.
Matching terms from terminology services with our parameter or method strings is supported programmatically.
However, the process ultimately needs manual input by domain experts. The quality of terminology services is
an additional limiting factor, and varies with respect to content, editorial, interoperability, and sustainability.
Good quality terminology services are the building blocks for the conceptualization of parameters and methods.
In our view, they are essential for data interoperability and arguably the most difficult hurdle for data in-
tegration. In summary, the application of terminologies has a mutual positive effect for terminology services and
information systems such as PANGAEA. On both sides, the application of terminologies improves content, re-
liability and interoperability.

1. Introduction

Initiated in the 1990s, PANGAEA1 (Diepenbroek et al., 2002) has
evolved from a paleoclimate data archive to a multidisciplinary data
publisher for environmental sciences. PANGAEA is a World Data Center
accredited by the International Council for Science World Data System
(ICSU WDS)2 and a World Radiation Monitoring Center (WRMC)3

within the World Meteorological Organisation Information System

(WIS).4 From its earliest stages, data were archived consistently and
annotated according to how they were produced, including information
about principal investigators, measurement and observation types,
sampling and analysis methods, and devices as well as references to
literature. Later, the data structure was adapted to store descriptions of
data sets with metadata elements comparable to bibliographic de-
scriptions. Lacking standards, the concept of data entity granularity
changed several times. This required reorganisation of the metadata but
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never led to information losses or deficiencies in the metadata. In
January 2005, the first data sets were registered with a DOI Name.
Today, PANGAEA holds around 360 thousand citable data sets com-
prising more than 11 billion data items—numerical and textual data as
well as binaries such as images, videos, or files with community specific
mime types. Each data item is a georeferenced record including the
parameter value, parameter type, and the spatial and temporal cov-
erage. Unless they are values of parameters, spatio-temporal values
themselves are not data items. Currently, over 20% of published data
sets include at least one author linked to ORCID and almost 8% of
published data sets have all authors linked to ORCID.

Structured data and metadata with consistent semantics are pre-
requisites for data usability, in particular for interoperability of data
and efficient data integration (Cruz and Xiao, 2005; Wilkinson et al.,
2016; Ćwiek-Kupczyńska et al., 2016). Large-scale questions in science,
such as global warming, invasive species spread, and resource deple-
tion, increasingly require the collection of disparate data sets from
various data sources. To a certain extent, relational models provide a
basis for consistent storage of data and metadata, and also allow mar-
shalling and mapping to different structures and data models. Never-
theless, with data inventories growing rapidly over the last decades,
careful harmonization of data and metadata becomes increasingly im-
portant.

In PANGAEA, tens of thousand different measurement and ob-
servation types have been defined, in particular for biodiversity related
data. Most of these data types—known as parameters—are complex and
consist of terms that often can be matched with terms in existing, ex-
ternally curated ontologies, thesauri, and vocabularies. Further meta-
data fields that can be matched with external resources include
methods and devices. They are part of the lineage information.
Complementing PANGAEA metadata with a component that supports
using and managing terminologies not only improves the consistency of
archived data but also makes data more reliable and interoperable,
significantly improves the findability of data sets, in particular enables
comprehensive and consistent search facets, and finally facilitates long
term curation of data and metadata.

Ontologies, thesauri, and vocabularies for environmental sciences
have been evolving tremendously during the last decade. They have
emerged as a key tool to formally represent and semantically organize
aspects of the real world. Such terminologies facilitate communication
between experts and enable the application of computational techni-
ques that extract useful information from available data and metadata
(del Mar Roldán García et al., 2016; Mate et al., 2015). Taxonomies,

chemical compounds, traits, or geographical locations: there is hardly a
domain not being covered. For some domains several terminologies are
available.

Features and usability of terminologies and terminology services
vary greatly. To integrate terminologies into applications, interoper-
ability is indispensable. Ideally, services allow to look up, download,
and submit new terms. Some services have APIs with flexible para-
meterization of requests, others are restricted to bulk downloads of the
whole terminology, and some terminologies can only be searched and
browsed on a proprietary website. Terminology editorial workflows
range from peer reviewed by expert communities to restricted to spe-
cialized closed groups. Also critical is sustainability, in particular the
persistence of term descriptions and identifiers. Sustainability is not
only important for technical operations, but also for maintenance and
actuality of contents. Less problematic are heterogeneities due to dif-
ferences in syntax and schemata. Here, mapping, matching and align-
ment techniques can be applied and tools exist to support such pro-
cesses (Bergman, 2014). In cases where different terminologies cover
the same domain, semantic inconsistencies might raise additional
practical issues when integrating terminologies into specific applica-
tions (Saripalle, 2008; Kotis and Lanzenberger, 2008).

Using PANGAEA as an example, this paper describes the application
of terminologies in a data archiving and publication environment. We
show how terminologies are integrated into the system and discuss the
requirements and benefits for data ingest, curation and dissemination.
Finally, we describe some of the current limitations in applying ter-
minologies.

2. Technical background of PANGAEA

The basic technical structure of the information system PANGAEA
corresponds to a three-tiered architecture with a number of backends,
clients and middleware components controlling the information flow
and quality (Fig. 1). On the backend, a relational database management
system (RDBMS) and file systems are used for information storage. Tape
silos are used as tertiary storage medium. To ensure fast access to
subsets of the PANGAEA data inventory, numerical and textual data are
mirrored into a data warehouse. Metadata and textual data are also
marshalled and indexed for the PANGAEA search engine (Elas-
ticsearch5). On the frontend, PANGAEA is furnished with an editorial

Fig. 1. Basic technical architecture of
PANGAEA.

5 https://www.elastic.co/products/elasticsearch.
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system for data ingest and curation. As part of the middleware, an API6

is used by the PANGAEA web interface as well as by numerous clients
worldwide (e.g. the GEOSS data portal7). All interfaces to the in-
formation system are based on web services, including map support
(Google Earth, Google Maps).

The challenge of managing the heterogeneous and dynamic bio- and
geosciences data was met in PANGAEA through a flexible data model. It
reflects the data processing steps in the environmental science domains
and can handle any relevant analytical data (Fig. 2). The system uses a
normalized relational structure for data and metadata. Ingest and re-
compilation of complex data sets for display or download is achieved
through several middleware components—using the original data ma-
trix configuration, stored during ingest as part of each data set.

For the system to conform, interoperate, and make use of external
(third-party) terminology services, the conception and implementation
of new system components, as well as restructuring of existing com-
ponents, was required. The conversion affected technical components
on all tiers but also included extensive work on the data and metadata
holdings. The main areas of work comprise (1) a new component al-
lowing to manage terminologies, called terminology catalogue (TC); (2)
interfaces that allow to synchronize the TC with external terminologies;
(3) embedding the TC into the current editorial workflows for ingesting
and archiving data into PANGAEA; and finally (4) embedding the TC
into the data access and dissemination workflows.

3. Terminology catalogue

The implementation requirements for the terminology catalogue
(TC) were:

• Minimal effort to embed the new component into the PANGAEA
relational data model.

• Editorial interface (GUI) seamlessly embedded into the editorial
system, allowing to define or update terms.

• Interfaces for the ingest of new or updated terms of external ter-
minologies.

• API that handles requests for TC content, whereby outputs should
comply to RDF (Schreiber and Raimond, 2014) and OWL (Hitzler
et al., 2012) recommendations.

• Interfaces for using TC terms in the conceptualization of parameter,
methods and devices.

3.1. Data model and structure

For the data model there were two options: (1) relational model or
(2) formal ontology model. Interfacing the latter approach with the
current PANGAEA editorial system would have been laborious and
complex. Moreover, a simple marshalling routine is sufficient to pro-
duce RDF output from our relational model. We therefore chose a re-
lational model consisting of tables for the terms (Term); for relations
between terms (TermRelation); for information about relation types
(RelationType: properties); for general information about the ter-
minologies in the catalogue (Terminology); to categorize terms
(TermCategory: class, attribute, etc.); and to assign a term status
(TermStatus: pending, accepted, etc.) (Fig. 4).

Columns in the Term table allow to specify a term label and an addi-
tional identifier. These are term attributes. Further attributes can be as-
signed to individual terms using relations between terms, e.g. for the species
Canis lupus the taxonomic level can be described as Canis lupus has rank
species. The conceived structure is simple and flexible. Because many terms
are primarily for PANGAEA internal use we settled on internal IDs as pri-
mary keys. Terms that have been replicated from external terminologies

have URIs as additional keys. They are used to match TC contents with
external terminologies, e.g. to update TC terms (see Section 3.3).

3.2. Editorial interface for terminology curation

The TC is not only used to replicate external terminologies but also to
curate PANGAEA terminologies. Curation relies on an own editorial inter-
face. The tool we created for this purpose is fully integrated into the
PANGAEA editorial system. Compared to a full-featured ontology man-
agement system (e.g. Protégé (Musen, 2015)) the TC is more simple. Still,
the editorial interface enables efficient work with terminologies. Specifi-
cally, it allows to search, browse, create, update, or delete terms, and to set
relations between terms, e.g. to build and display hierarchies (Fig. 3).

3.3. Synchronization of the TC with external terminologies

The TC was initially populated with terms of a number of terminologies,
in particular WoRMS,8 ChEBI,9 EnvO,10 QUDT,11 (Hodgson et al., 2014)
and PATO.12 Replication was done either using supplied APIs or bulk
downloads of RDF files. With WoRMS, PANGAEA has for some time
maintained a bidirectional workflow that includes submission of new spe-
cies names and regular downloads. More recently, in particular within the
German e-infrastructure project de.NBI,13 similar workflows have been
created with the information systems BacDive,14 Brenda,15 and Silva.16

For long term maintenance, bilateral workflows are, however, in-
efficient. Already now, PANGAEA requires regular updates from var-
ious terminologies. Moreover, more relevant and good quality termi-
nology services do emerge. Considering that interfaces change and
PANGAEA is only one among potentially many service clients, one-for-
all terminology services are in principle the better choice. Aggregating
or mediating services such as Ontobee17 or BioPortal18 offer lookups
and downloads. For automatic replication, however, standard APIs that

Fig. 2. Simplified data model of PANGAEA. Lines show relationships between the dif-
ferent entities. They are partly 1:n or m:n relationships.

6 https://ws.pangaea.de.
7 http://www.geoportal.org/.

8 http://www.marinespecies.org/.
9 https://www.ebi.ac.uk/chebi/.
10 http://environmentontology.org/.
11 http://www.qudt.org/.
12 http://www.obofoundry.org/ontology/pato.html.
13 https://www.denbi.de/.
14 https://www.dsmz.de/bacterial-diversity/bacdive.html.
15 http://www.brenda-enzymes.org/.
16 https://www.arb-silva.de/.
17 http://www.ontobee.org/.
18 https://bioportal.bioontology.org/.
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support harvesting new or updated terms, or even subscription services,
would be better solutions. Vice versa, submission of terms to corre-
sponding services, for review and ingest, is also a desirable function-
ality. With the GFBio Terminology Service (TS)19 (Karam et al., 2016),
the German GFBio project20 is currently heading for such an environ-
ment. The GFBio TS serves a number of terminologies. For the PANG-
AEA TC, we are currently setting up a prototype for automated re-
plication of terms with the GFBio TS (Fig. 5). Regular incremental
replication of terms into PANGAEA will occur using the GFBio TS API.21

For this purpose, the next version of the API will support requesting
terms that are new or have been updated within a specific time interval.
For the submission of new TC terms to the various terminology services,
APIs are presently missing and are not likely to be supplied in the near

future because of the heterogeneity of terminologies. In addition, the
submission of terms often requires communication with experts.

3.4. Editorial work

Although most of the needed terms could be replicated from ex-
ternal terminologies, manual work on terminologies cannot be avoided.
As part of the lineage information of a data set, methods and devices are
examples requiring editorial work (cf. below). Additional examples
include terms that fall into the scope of an existing terminology service.
We try to first retrieve such terms from these terminologies using
supplied web interfaces for searching and browsing. If unsuccessful,
terms are defined in the TC and subsequently submitted to the corre-
sponding terminology for review and ingest. Currently, we are mostly
submitting new terms to WoRMS and ChEBI. These terms get a pre-
liminary status in the TC. After acceptance, terms can be replicated
back to the TC. A particular problem occurs if TC terms with pre-
liminary status do not have persistent identifiers, because they were not

Fig. 4. Relational structure of the termi-
nology catalogue (TC). For simplicity, only
the essential table columns are shown in the
ER diagram (Crow's foot notation).

Fig. 3. Screenshot of the TC interface as part of the PANGAEA editorial system.

19 http://terminologies.gfbio.org/.
20 http://www.gfbio.org/.
21 http://terminologies.gfbio.org/developer_section/api.html.
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available at the time of submission. This complicates identification of
terms when they are replicated back into the TC. The time needed for
review and acceptance of terms varies. Together with the time needed
to release new terms it might take several months before they get the
final URI.

4. Use case: data ingest and archiving

4.1. Workflow description

The PANGAEA workflow for data ingest and archiving (Fig. 6)
complies with the OAIS standard (CCSDS, 2012). Data are submitted
using a ticket system (Jira22) and assigned to an editor who is a spe-
cialist in the corresponding data domain. Preparation of the data for
import is done with the editorial system. Data editors check the com-
pleteness and validity of data and metadata, and reformat data ac-
cording to the PANGAEA ingest format. The editorial review is com-
plemented by inviting authors and external reviewers (e.g. reviewers of
articles supplemented by the data). After being accepted, the data are
archived, provided with a DOI, and metadata are registered at Data-
Cite.23 Besides manual data submission and ingest, the system also
supports submission and staging of pre-processed data by external,
authenticated processes (e.g. recurrent submission of monitoring data).

Preparation of data for ingest is supported by the PANGAEA TC,
namely in the conceptualization of parameters and methods as well as
the definition of campaigns (cruises or field campaigns) and events
(sampling events or experiments). It is furthermore used to define lo-
cations (gazetteers) and keywords. The latter can be assigned to nearly
all types of records in the data model (Fig. 2). Finally, it is used to relate
TC terms directly to data values using the term ID, thus ensuring con-
sistency of, e.g., lists of species. For this purpose, the nominal values of
a data matrix are matched with TC terms.

4.2. Definition of parameters

Terminologies support the consistency and integrity of metadata.
Toward this aim, controlled vocabularies (CV) are often used as an
integral part of standards (e.g. feature catalogues (ISO/TC 211, 2016)
as part of ISO 19115 (ISO/TC 211, 2014)). However, a practice and
generally accepted model for thorough and comprehensive con-
ceptualization of parameters and methods are so far missing. Parameter
selections such as the Essential Climate Variables (Bojinski et al., 2014)
or the more recent Essential Biodiversity Variables (Pereira et al., 2013)
only reflect a small section of possible measurement types.

PANGAEA maintains more than 140 thousand different parameters
as string values, with an estimated 30 thousand unique terms that can
be roughly categorized as quantity kinds (cf. definition given in QUDT);
terms (features) belonging to nomenclatures such as taxonomies, che-
mical compounds or traits; and unit specifications. Frequently, quantity
kinds are for SI and derived units but also include other types for which
data can be measured at all levels of scale.

Most of the parameters are complex, meaning that terms of several
categories are combined into a compound concept. For the definition of
parameters, we conceived a model that allows to link terms according
to their category following a syntax schema (Fig. 7). Formal notations
comply with the Extended Backus-Naur Format (EBNF) in W3C nota-
tion24 and are shown in Listing 1.

The schema implies a set of rules:

• A ParameterInstance must begin with a QuantityKind which
is any string, and may be followed by (1) a colon (‘:’) in case the
ParameterInstance is further defined by associated features or
(2) a QuantityUnit, or (3) both.

• A QuantityKind is specified by a QuantityKindName and can be
complemented by a QuantityKindAttribute, e.g. a statistical
constraint such as ‘mean’ or ‘standard deviation’, separated by a
comma from the QuantityKindName.

• A Feature is specified by a FeatureName and can appear multiple

Fig. 5. UML activity diagram showing the replica-
tion and submission of terms between the PANGAEA
TC, the GFBio TS, and distributed terminology ser-
vices.

22 https://en.wikipedia.org/wiki/Jira_(software).
23 https://datacite.org/. 24 http://www.w3.org/TR/xml/#sec-notation.
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times. Features are optional.

• A simple controlled vocabulary of prepositions (‘in’, ‘at’, ‘per’, etc.)
is used to specify relations between features. Alternatively, a semi-
colon (‘;’) can be used if a relation is unclear.

• A Feature can be further specified by adding an optional
FeatureAttribute following the FeatureName, separated by a
comma.

• A ParameterInstance may include a QuantityUnit, which
must be noted in square brackets.

Each parameter instance is represented by an internal ID and a
string for the concatenated linked terms. The latter is necessary to
generate human-readable output and for compliance of newly gener-
ated parameter instances with existing parameter names that have not
yet been normalized. Parameter examples include:

• Assimilation rate: 14C of carbon dioxide [mg{C}/kg/day]

• Production rate: egg of Calanus finmarchicus per female [#/#
{Ind}/day]

• Ratio: d13C in Calanoides carinatus [per mil PDB]

• Volume: fecal pellet of Calanus finmarchicus [μm3]

In the latter example ‘Volume’ is the quantity kind, ‘fecal pellet’ and
‘Calanus finmarchicus’ are the features, and ‘μm3’ is the quantity unit.

The model and rule set are basic. It is arguably the minimum re-
quired for a parameter definition. However they, can be extended and
refined with the ongoing curatorial work in PANGAEA. We have ana-
lysed the unique terms contained in PANGAEA parameter strings and
identified a number of subcategories. It is foreseen that terms such as

‘ratio’ or ‘flux’ imply further semantics that influence the proposed
syntax and corresponding rules. We plan to evolve the list of parameters
into a full-featured ontology with parameters corresponding to con-
cepts. However, it is important to remember that developments also
have to be aligned with the practicalities of the curatorial work.
Ultimately, they should lead to more efficiency.

As a first step, we applied a parser routine to match TC terms with
parameter strings. Relations between a parameter and a TC term were
stored in an intermediate table with status pending to indicate that
evaluation by a data editor is needed. New parameters are defined as
required by the TC (Fig. 8). For existing parameters a considerable ef-
fort will be needed. Due to the high number of parameters and potential
damages to the integrity of archived data it is unlikely that all para-
meters can be transformed. Eventually the process needs to involve data
providers and communities.

4.3. Methods

Specification of methods used to make measurements or observa-
tions are an indispensable part of the lineage information. Method
specifications comprise procedures, devices and conditions. Over the
last decades, more than 5000 methods have been assembled in
PANGAEA. One of the difficulties arises due to the inconsistent level of
detail supplied by data providers. For instance, data sets might be
produced using a method ‘mass spectrometry’ or ‘mass spectrometry on
acidified combusted sample (centrifuged)’. Data editors need to eval-
uate the validity of methods applied. Similar to parameters, methods
need to be structured following a single model. At PANGAEA, this work
is in an early stage. At present, the basic and most frequent terms are

Fig. 6. UML activity diagram for the PANGAEA ingest and archiving workflow.
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assembled in the TC.

4.4. Events

Measurement and observation events, such as sampling or experi-
ments, are part of the lineage information and are characterized by a set
of attributes including a name, coverage, and devices used. As for
methods, the level of supplied details varies as device specification is
sometimes only at the level of device type and sometimes also at the
level of device instance. Formerly a simple list, devices were now
structured and categorized, and incorporated into the TC. The new
structure allows to define for each device a default set of attributes
(keys) that can be used to specify further details about the device. For
instance, the sampling device ‘plankton net’ has various attributes, e.g.
‘mesh size’, also abstracted from narrower terms such as ‘bongo net’
(Fig. 3). An intermediate table between event and the TC holds the
values for the attributes, which formerly had to be stored in the

comment field of the event, provided this information was stored at all.
In summary, the developments led to a flexible, structured, and more
detailed description of events. Because of the considerable overlap
between devices and methods we plan to merge them.

4.5. Campaigns

Field campaigns, cruises, and other types of research series and
endeavours are part of the lineage information and also need a flexible
description using key-value pairs linked to the TC. A structure identical
to the one for devices was implemented. Campaign types have been
defined in the TC and furnished with a set of attributes, e.g. a ‘cruise’
typically has a departure and arrival harbour.

4.6. Gazetteers

Areas and locations are assembled as gazetteers in the TC. Data set
coverages, given as geographical positions in the data or related events,
are automatically matched with areas using polygons representing
them. Selected is the area with the best fit. Areas are organized hier-
archically. For the marine part, the IHO sea areas25 and the GEBCO
Undersea Feature Names26 are used. On top, GeoNames (Wick, 2006) is
used as a repository for tracking synonyms of all locations and area
names. This allows to search for foreign names of places, countries and
oceans in the PANGAEA Elasticsearch index. Besides, on the event level,

Fig. 7. Model for the definition of parameters.

Listing 1
Parameter definitions.

ParameterInstance::= QuantityKind

(’:’ Feature (

(’in’ | ‘at’ | ‘on’ | ‘of’ | ‘per’ | ‘...’ | ‘;’)

Feature)*

)?

(’[’ QuantityUnit ‘]’)?

QuantityKind::= QuantityKindName

(’,’ QuantityKindAttribute)?

Feature::= FeatureName

(’,’ FeatureAttribute)?

25 International Hydrographic Organization (IHO) and the Intergovernmental
Oceanographic Commission (IOC) of UNESCO.

26 GEBCO Gazetteer of Undersea Feature Names, http://www.gebco.net/data_and_
products/undersea_feature_names/.
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editors may specify additional locations (typically local names). En-
countered problems include inconsistencies in language use and var-
iations in transcriptions. Harmonization of terms in the TC will include
such variations as synonyms, ideally curated in external gazetteers.

4.7. TC terms as data values

Data are usually submitted as spreadsheets having complex para-
meter names heading the columns. In principle, it is possible to re-
format the data in order to split this complex information into separate
columns. For instance, the matrix with columns as in the data set by
Findlay et al. (2010) and shown here in Table 2 could also be written as
shown in Table 3.

In order to ensure the compliance of species names (as they are
given in the second matrix) with the standard terms in the TC, names
are matched during import. For this purpose, we use a specialized TC
full text index that includes synonyms, stemming, folding, and n-grams.
This allows to deliver ranked results of possible term matches. Incorrect
or unrecognized names need to be adjusted. Alternatively, term IDs or
URIs could be used in the ingest matrix, instead of the names.
Eventually, such data are stored as term IDs. It is thus possible to match
any nominal values against TC terms. The approach is not only suitable

for taxon names but also for, e.g., lithologies or any kind of nominal
scale. The new functionality for linking data values with TC terms
fosters harmonization of data. However, dependencies between col-
umns in a matrix are not made explicit in the metadata. In the re-
formatted example matrix (Table 3), ‘growth rate’ might be related to
values of other columns. In the data set by Ow et al. (2016), ‘Growth
rate’ in column 20 may refer to ‘Species’ or, say, ‘Specific leaf area’. Not
to have such dependencies explicit in the metadata can lead to mis-
interpretations of data.

5. Use case: access and dissemination of data and metadata

5.1. Workflow description

Data and metadata are marshalled from the relational database into
XML files according to the PANGAEA internal XML schema. They are
subsequently indexed using Elasticsearch, whereby the metadata are
semantically enriched using the marshalled and indexed content of the
TC. To support fast and 24/7 access, the marshalled data sets are cached
on the website. Based on the PANGAEA internal schema, metadata for
various other content standards are produced on demand via XSLT and
also enriched using the TC (Fig. 9).

5.2. Metadata enrichment

Initially, metadata enrichment is done by retrieving TC terms
matching terms occurring within a metadata description. In a second
step, related, broader or synonym terms are retrieved and added to the
index. In parallel, for each retrieved term, a lookup is made for a cor-
responding term in the thesaurus used to classify data according to
subject, environment, and various other categories. This thesaurus is a
special terminology of the TC. If the lookup is successful, the term is
added to a corresponding tag in the XML scheme used to enable com-
prehensive and well structured faceted searches on metadata.
Currently, there are only three facets, namely ‘topic’, ‘device’, and ‘lo-
cation’ that are implemented in this way. An additional facet for
taxonomic trees is in preparation. Other facets, such as ‘author’ and
‘project’, are derived directly from the original metadata. The
PANGAEA thesaurus of classifying terms is currently integrated with a
corresponding terminology of the GFBio TS—created, for the same
purpose, by the larger GFBio consortium.

The lookup between the various terminologies and the PANGAEA
thesaurus is done using string comparison. This is facilitated by dupli-
cating facet-relevant terms to this thesaurus. Advantages are that no
explicit relations between terms are needed, and maintenance of the
thesaurus requires less effort. The few cases that might cause incorrect
matches due to possible homonyms are neglected. So far this problem
has not materialized. Should the problem occur, it can be resolved by
adding an explicit relation to the correct term.

5.3. Access to data and metadata

Access to data is provided via the PANGAEA frontend by first re-
trieving metadata results (Fig. 9, step 1) and subsequently selecting a
specific data set for display or download (Fig. 9, step 2). Moreover, the

Fig. 8. UML activity diagram for the definition of new parameters.

Table 2
Data matrix as typically submitted, with complex parameter names heading the
columns.

Species A, growth rate Species B, growth rate

Value x1 Value y1
Value x2 Value y2

Table 3
Reformatted data matrix, with complex information
split into separate columns.

Species Growth rate

Species A Value x1
Species A Value x2
Species B Value y1
Species B Value y2
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result set can be used for the parameterization of a PANGAEA data
warehouse query. This service supports the integrated retrieval of data
from all data sets in the result.27 The list of parameters and geocodes
available for the configuration of the data matrix to be downloaded is
generated dynamically from the result set using the metadata index.

The data warehouse is a very efficient tool to compile data, even
from tens of thousands of different data sets. Nevertheless, users must
be aware that such compilations cannot be taken as final data products.
Firstly, users need to ensure that data sets in the result set are fit for the
specific scientific application. For this, users may utilize the list of ci-
tations included in the download package (zip). Secondly, downloaded
data do not take into account the original dependencies between
parameters (see Section 4.7). Indeed, misinterpretations could be
avoided, or at least reduced, if the conceptualization of parameters is
extended to the description of possible dependencies between para-
meters, respectively relationships between different concepts. Such
dependencies could be inserted into the TC as relationships between
terms and be used to set additional constraints for the configuration of
data warehouse queries.

5.4. Further dissemination of data and metadata

PANGAEA supplies a number of web services for access to data and
metadata. Consumers can harvest the PANGAEA metadata using the
OAI-PMH protocol.28 The service supports various international content
standards for metadata, such as Dublin Core and ISO 19139 (im-
plementation of ISO 19115), but also formats such as GCMD DIF.29

PANGAEA thus contributes to various portals, including GEOSS,30

ICSU-WDS, OA-ICC, and GFBio. Proprietary controlled vocabularies can
pose significant difficulties when mapping metadata to other formats.
For instance, GCMD DIF requires that parameter names, platform
names, or geographical locations are chosen from the GCMD

thesaurus.31 To address this limitation, the TC allows to map PANG-
AEA's own terms to those from external controlled vocabularies.
PANGAEA has mirrored the GCMD terms into the TC and manually
linked PANGAEA's own terms to the imported terms using an
“equivalent to” relation. The metadata schema mapping code (XSL)
uses these relations to enrich DIF metadata with controlled GCMD
terms.

All PANGAEA APIs are available through a single entry point,32

using several techniques: REST-based endpoints (OAI-PMH, Elas-
ticsearch) and SOAP APIs for well structured, proprietary access. The
API to access PANGAEA's data warehouse is an example. It allows
consumers to quickly extract large amounts of data for processing. For
example, the German project C3Grid used this API in its portal
(Kindermann, 2013) to drive climate models and the cabled seafloor
monitoring infrastructure Neptune Canada33 used PANGAEA in this
way as complementary data source to cover physical oceanography.

6. Conclusion

We have embedded the structure and functions of a terminology
catalogue (TC) into the PANGAEA system. A considerable effort and
several iterations were needed to meet the requirements of a highly
efficient environment for the editorial and publication of biodiversity
related data. The effort is well balanced and is adding value to
PANGAEA.

For data ingest and archiving, we described how the TC can be
applied to various types of metadata, namely to the definition of
parameters, methods, and devices. For data access and dissemination,
the added value is clearly on data findability, largely a result of en-
riching metadata with TC terms. With science getting increasingly
complex, simple keywording is insufficient (Fernández et al., 2011).
Semantic annotations, such as adding whole term concepts (including
synonyms and hierarchies) as well as mapping terms between different
terminologies, facilitate comprehensive data retrievals, even if users do

Fig. 9. UML activity diagram showing access and dissemination of data and metadata.

27 Example result set: https://www.pangaea.de/?t=Biosphere&q=Ocean
+Acidification. Select ‘data warehouse’ or use https://www.pangaea.de/advanced/
datawarehouse.php?t=Biosphere&q=Ocean+Acidification (supplied query example
links might be subject to changes).

28 https://ws.pangaea.de/oai/.
29 Directory Interchange Format, http://gcmd.gsfc.nasa.gov/add/difguide/.
30 http://www.geoportal.org/.

31 Global Change Master Directory (GCMD) Keywords, https://earthdata.nasa.gov/
about/gcmd/global-change-master-directory-gcmd-keywords.

32 https://ws.pangaea.de/.
33 http://www.oceannetworks.ca/.
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not have domain expertise. The PANGAEA thesaurus of classifying
terms, which is part of the TC, in particular, is used as an umbrella
terminology linking the various domains and allowing drill downs and
side drills with various facets. The PANGAEA thesaurus is currently
integrated in a corresponding thesaurus elaborated as part of the GFBio
project. The integrated product, also to be used by PANGAEA, will
contain contributions from several project members.

We have shown how TC terms can be linked to nominal data values.
As for metadata, this linking not only leads to improved harmonization
of data and increased reliability in the usage of data and metadata but
also offers the opportunity to overcome structural differences of ar-
chived data sets. Parameter components that are identical to nominal
data values can be transformed into a data matrix that keeps these
components as nominal values in separate columns. Such transforma-
tions facilitate the integration of structurally different data sets and, in
general, provide a better starting point for statistical analysis.

Key for further development is the conceptualization of parameters
and methods. So far, we have implemented a basic syntax and rule set
that allows defining parameters and methods using the TC. We have
thoroughly analysed terms used for parameters and methods. Results
indicate that further refinements of syntax and rule set will be needed.

Technical developments must be complemented by work on the
metadata content, which is in fact the most time consuming and diffi-
cult task because of the huge legacy but also due to the dynamics within
science. Over the last 20 years, more than 100 new parameters had to
be defined on average per week. During the last years, new terms are
increasingly submitted to various terminology services. On one hand,
persistent meaning of terms and their identification improves the pre-
servation of the integrity of published data sets. On the other hand,
there is a risk that adaptation of old parameter names to the new syntax
model might lead to changes in the semantics. Important in this respect
will be to improve our current routines to match terms of external
terminology services with our parameter or method names. Ultimately,
however, expert knowledge will be needed to manually confirm mat-
ches.

An additional limiting factor is the quality of terminology services,
which varies in content, editorial, interoperability, and sustainability.
Good quality terminology services are the building blocks for the con-
ceptualization of parameters and methods. They are, in our view, es-
sential for data interoperability and arguably the most difficult hurdle
for the integration of data from different providers. Our future work
will therefore have a strong focus on the further development of our
models for the definition of parameters and methods.

In summary, the application of terminologies has a mutual positive
effect for terminology services and services such as PANGAEA. On both
sides, the application of terminologies improves content, reliability and
interoperability.
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