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1. The CARGO-ACT project 

Aerosol, clouds and trace gases are short-lived atmospheric constituents, with residence times in the 
atmosphere ranging from seconds or minutes to a few weeks. Some of the short-lived atmospheric 
constituents are also climate forcers. From the 6th IPCC report (IPCC, 2021) on the physical basis of 
climate change, the climate feedbacks induced by short-lived climate forcers (SLCFs) are assessed as 
having a significant cooling effect but with low confidence. The same species are responsible for 
approximately 8 million premature deaths globally (Health Effects Institute, 2024). Mechanisms by 
which SLCFs affect climate are more complex than for greenhouse gases and require the definition of 
more than 20 essential climate variables (GCOS-240). 

The pan-European Aerosol, Clouds and Trace Gases Research Infrastructure (ACTRIS) provides long-
term, high-quality time series of observed properties of these short-lived atmospheric constituents. 
This is achieved through ground-based in situ and remote sensing measurements at surface stations. 
This involves all steps from the observation and data collection at the station, quality assurance and 
quality control (QA/QC) by Central Facilities (CFs), to data curation and management by a central Data 
Centre, where QA/QC and data management are organised in units by topic and observation type. In 
CARGO-ACT, ACTRIS and its Central Facilities (CFs) are collaborating with their U.S. American 
counterparts at the Department of Energy (DOE) Atmospheric Radiation Measurement (ARM) Facility, 
the National Aeronautics and Space Administration (NASA), and the National Oceanic and Atmospheric 
Administration (NOAA). 

The overarching goal of CARGO-ACT is to deliver a clear roadmap for sustainable global cooperation 
between key atmospheric monitoring organisations in Europe and in the United States. This 
cooperation aims to provide all users, in the scientific community and beyond, with the best possible 
services for accessing and using information from monitoring climate- and air quality-relevant 
properties of aerosol, cloud and trace gases in the atmosphere. 

2. Scope of the FAIR Convergence Roadmap 
The concept of making data Findable, Accessible, Interoperable, and Reusable (FAIR) requires 
establishment of a number of services around the data. These, as well as the degree of implementation 
and compliance among CARGO-ACT partners, have been described in an earlier project document, 
“Milestone 1.1: Landscape analysis of data FAIRness”. As a result of this landscape analysis, 5 topics 
have been identified where improvements in implementation and approach among CARGO-ACT 
partners would have the largest impact on improving user experience: 

● Granularity of Data Identification 
● Common data search and discovery service 

http://www.cargo-act.eu/
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● Convergence of metadata endpoints, schemas, and profiles 
● Interoperability of vocabularies 
● Common concept for documenting data provenance 

 
This deliverable will elaborate the approaches for improving each of these topics among project 
partners. 

 
In the conventional sense, a roadmap consists of an analysis of the current state, a problem 
description, the description of the solution, tangible implementation steps, including an 
implementation timeline and KPIs to quantify success. In CARGO-ACT, this ambition level needs to be 
reduced since the project partners belong to independent entities with own internal governance, 
where representatives often don’t have jurisdiction for legally binding commitments. In this case, the 
roadmap needs to describe the situation, and stop at proposing a path to a solution, which is the scope 
of this document. 

3. Granularity of Data Identification 
Granularity of data identification refers to the smallest amount of data that is individually identified 
with a persistent identifier (PID). The amount in this definition can refer to data volume, but also 
temporal or spatial coverage. This primary granularity depends on the data structure, in cases of large 
data volumes also on feasibility of access for a single identified item. This leads to considerable 
variability in primary granularity between data types and repositories. 

 

Table 1: Primary data granularity for various types of data in the CARGO-ACT partner data repositories 

Data type Primary granularity 

ACTRIS in situ* Per rupture-free time series and instrument 

ACTRIS aerosol remote sensing Per observation day, variable, and station 

ACTRIS cloud remote sensing Per observation day, variable, and station 

ACTRIS trace gas remote sensing Per variable, year, and instrument 

ACTRIS simulation chambers Per experiment 

ARM in situ Per rupture-free time series and instrument 

ARM aerosol remote sensing Per observation day, variable, and station 

http://www.cargo-act.eu/
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ARM cloud remote sensing Per observation day, variable, and station 

NASA aerosol remote sensing (surface-based) Per observation day, variable, and station 

* NOAA data are archived in the WMO Global Atmosphere Watch (GAW) World Data Centre for 
Aerosol (WDCA), which is co-hosted together with ACTRIS in situ data and thus uses the same primary 
granularity. 

 

The primary data granularity is most often the same as the granularity of metadata provision. When 
the metadata are harvested by a data access portal, the metadata granularity is usually the same as 
the granularity for discovering the data in the data portal. Table 1 lists examples of primary data 
granularity from the project partner data repositories. 

The use case considered here concerns discovery and use of data in a data portal. The variability of 
data granularity visible to the user of the data portal, which can vary from one entry per day to one 
entry per multi-year time series, is caused by the varying granularity of metadata harvested by the 
portal. This induces a significant inconvenience for the data user when accessing the data, where data 
access needs to take the variability in access granularity into account.  

The solution proposed here to improve this situation is based on different types of PID use (see Table 
2). The key use type for this use case is the collection PID. A collection PID points towards an assembly 
of PID identified objects of any type. It can be used to identify collections of data objects analysed for 
a publication, but also to reduce granularity when referring to a collection of primary PIDs of finer 
granularity. This concept allows alignment of data granularity among repositories, thus simplifying data 
use in a portal covering several repositories. 

 

Table 2: Use types of persistent identifiers as defined in the ACTRIS vocabulary. 

PID use type Definition 

collection PID Persistent identifier pointing towards an assembly of PID identified objects of 
any type. Often used to identify collections of data objects analysed for a 
publication. 

concept PID Persistent identifier representing all versions of a record. Here, record means 
a consistent set of data submissions from an identified instrument type and 
model at an identified location. Used to identify all previous, current, and 
future versions of the record. 

submission PID Persistent identifier for a single data delivery from an identified instrument at 
an identified location. Used to document data production chain (provenance). 

http://www.cargo-act.eu/
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version PID Persistent identifier for a single data delivery from an identified instrument at 
an identified location. Used to document data production chain (provenance). 

 

The common granularity proposed here is defined as: 
Total time series of a variable or set of variables of one instrument or rupture-free connected set of 
instruments or instruments following the same standard operating procedures (SOP*) and calibration 
standards at one site. 

* A Standard Operating Procedure is a set of step-by-step instructions compiled by an organization to 
help workers carry out routine operations  

 

Challenges concerning the implementation of this proposed common granularity in data provision 
remain. They depend on the implementation, where options include: 

● Client- / data portal side implementation 
The rather fine granularity, e.g. daily identified datasets, can be reduced by accumulating 
datasets to the proposed common granularity, and defining a collection PID theme. This 
solution would solve the issue for the data discovery use case. On data access however, the 
issue would remain since all datasets at the finer granularity would need to be accessed 

● Server side implementation 
The data would be offered in the common granularity already at the server. This would make 
the metadata rather easy to harvest, and ensure correctness of the aggregation in case the 
original granularity is finer. In some cases, aggregating the data to larger granules for data 
access can result in very large files on the server. Accessing the data would require a very 
efficient server software, possibly also disabling certain access protocols, e.g. support data 
streaming rather than file access. 

4. Common data search and discovery service 
This task intends to make the data of the CARGO-ACT partner networks and infrastructures findable 
and accessible in a common portal to facilitate synergy. The following options were considered: 

● Agree on common external data portal all partners connect to 
The following external portals were considered: 

○ Global Earth Observation System of Systems (GEOSS) data portal 
The GEOSS data portal is global in scope, some partner data repositories are already 
submitting to it and their data are findable there. However, the portal architecture 
seems to be a little dated. It is not obvious which vocabulary is used, which makes data 

http://www.cargo-act.eu/
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discovery cumbersome. It doesn’t display citation metadata, which is a serious issue if 
data access is connected to a licence. 

○ The ESA Demonstration of an Integrated approach for the Validation and exploitation 
of Atmospheric missions (DIVA) tool will be global in scope, and will facilitate cross-
platform data discovery with the specific focus on satellite validation. However, it isn’t 
online yet. 

● Data Findability in Partner Data Portals 
Among CARGO-ACT partners, both ARM and ACTRIS operate their own data portals, designed 
to cover the whole scope of their targeted spectrum of atmospheric observations. This scope 
largely overlaps, with ACTRIS serving measurements conducted at atmospheric simulation 
chambers in addition to observations in the ambient atmosphere concerning aerosol particles, 
trace gases, and clouds by surface-based in situ and remote sensing methods. Due to the 
overlapping functionality, an obvious option for implementing common data search and 
discovery is to make each partner’s data findable in the partner data portals by means of 
metadata exchange. 
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Figure1: Screenshot of implemented cross-RI data search and access functionality. The ARM data 
portal has ingested the metadata holdings of the ACTRIS data portal facilitating data search and access 
not only for ARM, but also for ACTRIS data and other data available in the ACTRIS data portal. 

 

 

Due to the lack of an external data portal offering the targeted data search and discovery services, the 
experts assembled in CARGO-ACT WP1 decided to make each partner’s data findable in each partner 
data portals. ARM has already implemented this functionality, focussing at the same time on proper 
credit to data originators and facilitating frameworks. Figure 1 shows a screenshot of the implemented 
functionality. 
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5. Convergence of metadata endpoints, schemas, and profiles. 
WP1 conducted a survey among partner data repositories on which data and metadata schemas. 
profiles, and endpoints / protocols are in use and which are considered relevant in the community. 
The ones most often used were recommended for common use. This doesn’t prevent partner data 
centres from offering data and metadata using additional technologies. Data and metadata access 
technologies are often use case dependent, and certain use cases might be of particular importance 
to a data repository. 

 

Table 3: List of metadata schemas, profiles, and endpoints / protocols in use at CARGO-ACT partner 
repositories. A cross in the table indicates that a given technology is in use at the data repository. The 
ones recommended for common use are highlighted in green. 

 Data repository 

Technology ACTRIS* ARM NASA 

Schemas 

DataCite x x x 

Handle system    

Profiles 

WMO Core x   

DataCite x x x 

ISO 19115-GI-Metadata x x  

NetCDF-CF-ACDD 1.7  x x 

schema.org  x  

DCAT-AP x   

Endpoints / protocols 

OAI-PMH (x) (x) (x) 

RestAPI x x x 

http://www.cargo-act.eu/
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OPeNDAP x x x 

S3 (streaming)   x 

CSW    

https x x x 

sFTP  x x 

Globus    

* Includes NOAA data available through the ACTRIS data portal. 

6. Interoperability of vocabularies 
The first step towards finding an approach towards vocabulary interoperability in CARGO-ACT is to 
specify use cases and scope of the task, which includes the following aspects: 

● Data discovery 
Users should be able to find data using the same search terms across data portals to facilitate 
easier search 

● Interoperable machine-readability 
The vocabulary should be understood by a machine, e.g. for AI applications. This can be 
achieved by mapping among vocabularies, or by referencing to a common reference 
vocabulary 

● Data annotation 
The vocabulary should be rich enough to cover use metadata directly attached to the data. 

● Wide, domain internal user community 
The user community should go beyond the ground-based in situ and ground-based remote 
sensing atmosphere observation communities, and also should comprise the satellite 
observation and modelling communities. This implies that the vocabulary should be 
understood across these communities. 

● Cross-domain interoperability 
The vocabulary should be ready to facilitate cross-domain interoperability, e.g. by adhering 
to the I-ADOPT ontology. 

 

As indicated above, the approaches to meet this scope include: 

● Mapping between the individual vocabularies used in CARGO-ACT partner data portals 
This option is easiest to implement. However, it still requires data users to familiarise 

http://www.cargo-act.eu/
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themselves with several vocabularies, and may not result in services understandable by AI 
applications. It will also not necessarily provide cross-domain interoperability if the used 
vocabularies don’t offer this service individually. Relevant services include: 

○ The semantic web for Earth and environmental terminology (SWEET) ontology 
The SWEET ontology maps between numerous vocabularies, and is mainly used for 
keywords. It will thus only cover part of the scope specified above. 

● Mapping to a reference vocabulary 
This option is slightly more labour intensive to implement. It will provide easy data discovery 
by using the same terms across portals. If served in a machine-readable way, it will be 
understood by AI applications. If the reference vocabulary adheres to the I-ADOPT ontology, 
it will provide cross-domain interoperability. Options for reference vocabularies include: 

○ Global Change Master Directory (GCMD) Keywords 
Widely applied, focusses on keywords, thus covering only part of the targeted scope. 
Granularity is variable, high granularity for space-borne observations, lower 
granularity for in situ observations. 

○ Climate Forecast (CF) Standard Names 
Vocabulary designed to describe observations with variable and basic use metadata 
in a single term for use in NetCDF files. Not usable for data discovery, not covering 
the complete scope specified above. Open, but slowly responding governance. 

○ Generic Earth Observation Metadata Standard (GEOMS) vocabulary 
Vocabulary for observed variables specifically designed for the NASA and ESA 
satellite validation community, governance largely restricted to this community. 

○ WMO Integrated Global Observing System (WIGOS ) metadata standard vocabulary 
The WIGOS vocabulary is strictly connected to the WIGOS metadata standard, which 
again reflects the structure of WIGOS and WMO. Governance through WMO bodies, 
which are nationally represented by the meteorological and hydrological services. 

○ ACTRIS vocabulary 
Vocabulary designed for data annotation and discovery by the ACTRIS Data Centre, 
thus matching the scope of the task. Open, bottom-up governance through the 
Github repository of the ACTRIS vocabulary. 

 

After a thorough discussion of the aspects described above, WP1 decided to recommend the ACTRIS 
vocabulary as common reference vocabulary for the CARGO-ACT partner data repositories since it 
meets the specified scope best and offers an open governance. 

 

http://www.cargo-act.eu/
https://earthportal.eu/ontologies/SWEET
https://www.earthdata.nasa.gov/data/tools/idn/gcmd-keyword-viewer
https://www.earthdata.nasa.gov/data/tools/idn/gcmd-keyword-viewer
https://www.earthdata.nasa.gov/data/tools/idn/gcmd-keyword-viewer
https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-table.html
https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-table.html
https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-table.html
https://github.com/wmo-im/wmds
https://vocabulary.actris.nilu.no/


CARGO-ACT 

WP1 / Deliverable 1.2 

 

 

CARGO-ACT (www.cargo-act.eu) is supported by the European Commission under the Horizon Europe (HORIZON) – Strengthening the 
international dimension of ESFRI and/or ERIC research infrastructures, HORIZON-INFRA-2023-DEV-01-07, Grant Agreement #: 

101132093 

 Page 12 

 

 

7. Common concept for documenting data provenance 
Data provenance describes the production history of a dataset, ideally in a machine-readable way. As 
with other data discovery and use metadata, provenance information should always stay with the data.  

 

Figure 2: Visualisation of the PROV-O ontology, with the 3 classes Entity, Agent, and Activity, as well as 
the relations between them (source: https://www.w3.org/TR/prov-o/). 

 

 

 

The relevant expert group of the EU-funded ENVironmental Research Infrastructures building Fair 
services Accessible for society, Innovation and Research (ENVRI-FAIR) project recommended  use of 
the PROV-O ontology for documenting data provenance. PROV-O distinguishes the classes Entity, i.e. 
items being generated or used in provenance activities, the Activity itself, and the Agent performing 
the activity, and defines numerous relations between them, which are summarised in Figure 2. 

WP1 defined the following list of provenance events as recommended to be recorded and attached to 
the data: 

● Current contact person (should be possible to update). 
● Input datasets used to generate the data product. 
● Software used to generate the product. 

http://www.cargo-act.eu/
https://www.w3.org/TR/prov-o/
https://envri.eu/the-envri-fair-project/
https://envri.eu/the-envri-fair-project/
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● Quality assurance specifications (technical requirements, measurement guidelines, standard 
operating procedures, data treatment procedure) used to generate the product, including 
version. 

● Data treatment procedure used to generate the product. 
● Humans performing QC on a data product (needs to take GDPR into account). 
● Humans responsible for data collection. 
● Humans responsible for QC of observation at the station. 
● Sponsoring organisation at the time. 
● Next and previous version of data product. 

8. Conclusions 
This deliverable outlines an approach to improve the 5 aspects of data FAIRness which the previous 
data FAIRness landscape analysis among CARGO-ACT partners identified as most beneficial to improve 
user experience. It needs to be pointed out that this roadmap doesn’t have any legally binding effect, 
but serves as a guideline and recommendation. 
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