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Services in Earth System Sciences

Data in Earth System Science - divergent, complex, huge!
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Background YBITS

Services in Earth System Sciences

Data in Earth System Science - divergent, complex, huge!

e different data types @-a' * 8 @ 5 ADOPT @
model output, observations, » SN P
simulations, measurements

e different formats
NetCDF (HDF5), GeoTIFF, GRIB,
GeoJSON, ASCII/CSV or
frameworks like GIS

e different sizes / granularity level
from PB in radio astronomy and
climate model output to MB in
samples in Biology
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From Chaos to FAIR

Using metadata standards and terminologies to make data FAIR

Atmospheric Science

Oceanography

Hydrology

Geology / Geophysics
Ecology & Biodiversity

Remote Sensing / GIS

Environmental Monitoring

CF Conventions, ACDD, ISO 19115

SeaDataNet/SeaDataCloud, NODC/NCEI Profile,
CF Conventions

OGC WaterML 2.0, WMO WIS, ISO 19156
(Observations & Measurements)

CF Conventions, ISO 19115, ACDD
Darwin Core, EML (Ecological Metadata Language)

-1SO 19115 /1S0O 19139
- FGDC CSDGM

SensorML (OGC), INSPIRE (= ISO)

@BITS
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Semantic Interoperability

in Environmental Sciences

Shared Meaning Across Systems: Semantic interoperability
ensures that data exchanged between different environmental
systems (e.g., climate models, biodiversity databases) is
understood consistently by using standardized vocabularies,
ontologies, and metadata schemas.

Use of Controlled Vocabularies and Ontologies: It relies on
community-agreed terms and structures (e.g., CF Standard
Names, GEMET, ENVO) to describe data, enabling accurate
interpretation, integration, and automated reasoning across
disciplines.

Supports FAIR and Cross-Domain Research: Semantic
interoperability enhances data reusability and integration
across domains such as hydrology, ecology, and atmospheric
science—supporting the FAIR principles and enabling
interdisciplinary environmental research.



| | | |
Di Muri, C., Pulieri, M., Raho, D. et al. Assessing semantic
e m a n I G n e ro p e ra I I y interoperability in environmental sciences: variety of
approaches and semantic artefacts. Sci Data 11, 1055

in Environmental Sciences (2024). https://doi.org/10.1038/s41597-024-03669-3

Shared Meaning Across Systems: Semantic interoperability Biosphere Geosphere
ensures that data exchanged between different environmental
systems (e.g., climate models, biodiversity databases) is
understood consistently by using standardized vocabularies,
ontologies, and metadata schemas.

60

Use of Controlled Vocabularies and Ontologies: It relies on
community-agreed terms and structures (e.g., CF Standard
Names, GEMET, ENVO) to describe data, enabling accurate
interpretation, integration, and automated reasoning across
disciplines.

Supports FAIR and Cross-Domain Research: Semantic
interoperability enhances data reusability and integration
across domains such as hydrology, ecology, and atmospheric
science—supporting the FAIR principles and enabling
interdisciplinary environmental research. Atmosphere

Marine
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. - I Di Muri, C., Pulieri, M., Raho, D. et al. Assessing semantic
e m a n I G n e ro p e ra I I y interoperability in environmental sciences: variety of
approaches and semantic artefacts. Sci Data 11, 1055
; ; : 2024). https://doi.org/10.1038/s41597-024-03669-3
in Environmental Sciences - burdens (2024). htps:lidol.org :

Inconsistent Availability in Catalogues Biosphere Geosphere
Terminologies not listed or registered in
semantic catalogues

Non-Standardized Formats and

Languages
hampers machine readability

Absence of proper Licenses

Lack of Version Information

No persistent identification
of Terminologies and Terms
— difficult for long term accessibility

60
(11.1%)

Inadequate Description Atmosphere Marine
Ambiguous Maintenance Status \
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BITS Project GBITS

Earth System Sciences

Terminologies for Earth System Sciences

TI B TERMINOLOGY SERVICE

already existing Terminology
Service offered by TIB

Terminology Service
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https://terminology.tib.eu/ts/ontologies?and=false&page=1&sortedBy=title&size=10&collection=ESS

BITS Project GBITS

Earth System Sciences

Terminologies for Earth System Sciences

TERMINOLOGY SERVICE

already existing Terminology

based on Ontology Service offered by TIB
Lookup Service

(EMBL-EBI) with a
SKOS extension Terminology Service
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https://terminology.tib.eu/ts/ontologies?and=false&page=1&sortedBy=title&size=10&collection=ESS

BITS Project GBITS

Earth System Sciences

ESSH

TERMINOLOGY SERVICE EARTH SYSTEM SCIENCES

Terminologies for Earth System Sciences

maintained by ESS Community

Terminology Service

based on Ontology
Lookup Service

(EMBL-EBI) with a
SKOS extension
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https://terminology.tib.eu/ts/

BITS Project GBITS

Earth System Sciences

ESSH

TERMINOLOGY SERVICE EARTH SYSTEM SCIENCES

Terminologies for Earth System Sciences

maintained by ESS Community

Terminology Service

based on Ontology

Lookup Servi'ce requirements features
(EMBL-EBI) with a - license - version control
SKOS extension

- format/language - PIDs for terms

- long term maintenance

20
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From Project to Infrastructure ©BITS

Sustainable service via NFDI

TI B TERMINOLOGY SERVICE
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From Project to Infrastructure YBITS

Sustainable service via NFDI
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Benefits YBITS

Example: WDCC

e WDCC = World Data
Center for Climate,
international data
repository and
archive for
comprehensive
climate data

e Improving
interdisciplinary
discovery by
enhancing search
terms using the ESS
Collection
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Example: WDCC
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Benefits

Example: WDCC

WDCC GUI

The WDCC has the mission to archive, disseminate and publish Earth System model data and related data products to support the international climate

research community. The WDCC is a discipline specific repository providing active preservation for research only. Therefore WDCC is using

common metadata standards and is recommending the usage of community data standards like the Climate Forecast (CF) Conventions. The TRUSV
WDCC is certified by Core Trust Seal (CTS) and an accredited regular member of the World Data System.

WDCC is following the FAIR principles - all metadata is openly accessible, the access to the data is free of charge. The WDCC is hosted by the German
Climate Computing Center (Deutsches Klimarechenzentrum - DKRZ) in Hamburg.

Data access

Regarding the FAIR principles all metadata is openly
accessible. The data download is free for registered

users. Please register here.

The graphical web interface of the WDCC offers a
wide variety of search options based on the stored
metadata. These allow a quick discovery of the data
desired, sorted by project, topics, temporal and spatial
coverage, or other facets.

Data from the long-term archive are downloadable

Services

Data archiving

The DKRZ provides two different tiers of long-term
archiving:

WDCC is the long-term archiving service in the
WDCC. This service is available for DKRZ HPC (high
performance computing) project data as well as data
from external sources. Conditions for this need are to
be negotiated. The full set of metadata facilitates the
interdisciplinary reuse.

DOKU is an additional service for DKRZ HPC users

Data publication

The DKRZ offers a DataCite data publication service
for WDCC long-term archived data.

The data publication process is similar to the
publication of an article in a scientific journal. Data,
published with a DOl at WDCC has to meet certain
quality requirements. The permanent access to data is
granted by the assigned unique persistent identifier
DOI - data and metadata remain unchanged.

DataCite DOI data is formally citable in scientific

25
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Benefits

Example: WDCC

0’0'0WDC

</ CLIMATE

ra
La

= Leaflet | Tdes © Esri— Source: Esi, DeLorme. NAVTEQ, USGS,
Intermap, iPC. NRCAN, Esti Japan. METI. Esri China (Hong Kong). Esri

(Thaiand), TomTom. 2012

Search in all cate:

Citation-DOI

@ Bounding box
#§ Temporal coverage
i= Project

= Variables

Keywords

= Aggregation

Hierarchy Level

Type

Organization

i= Persons

Format

2200

[ 200 2
&Dd >
(2032 B3
o>
e>
[ 12 2
[ 513 2
D>
a>

Search ...

Results

2732122 results found for "=**

‘ Sort by Score ~ Show rows: 15~ 4 1

WINTER_HAMBURG (Investigating climate change related impacts on the urban winter climate of
Hamburg)

LAMACLIMA (Output of two-phase Earth system model simulations for LAMACLIMA: idealized global
land-use and high-ambition future mitigation land-use scenarios.)

DKRZ_lta (Long-term Archiving of Climate Model Data at WDC Climate and DKRZ (DOKU))
SWIFT-A (Shallow Water Ice Fracture Tracking and Acoustics)

IPCC-AR6_CMIP6 (Coupled Model Intercomparison Project Phase 6 (CMIP6) datasets)
DataWave (DataWave: Collaborative Gravity Wave Research)

WRF_WIND_EC (Mesoscale modeling of wind resources over Ecuador using WRF)

HadCRU_MLE (Maximum Likelihood Estimates of Temperatures using Data from the Hadley Centre and
the Climate Research Unit)

HISISP-QTP (Heat Island Intensity Prediction in an Intelligent Sponge Urban System in the Qinghai-Tibet
Plateau)

coastDat_Marine-Scenarios (coastDat Water Level and Waves Future Scenarios)
ClimAVA (Climate data for adaptation and vulnerability assessments)

AqualNFRA

NAINA~AD

of 182142 >

1000 0 000000 0
i iy B B 3 H H B B BB 3 3
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Benefits

Example: WDCC

$sWDC
Y CLIMATE

i

ra
La

= Leaflet | Thes ® Esri — Source: Esni, DeLorme, NAVTEQ, USGS,
Intermap, iPC. NRCAN. Esri Japan, METI, Esi China (Hong Kong), Esri

(Thaiand), TomTom, 2012
Search in all categories.

Citation-DOI

@© Bounding box

@ Temporal coverage

Project

| = Variables
Type to filter...

Show all
air_temperature
eastward_wind
northward_wind
specific_humidity
area_fraction
relative_humidity
precipitation_flux

geopotential_height

cloud_area_fraction

I

VVE(

[ 200 I3

3576 A4

Sort by ~

74118
71075

57989

52733
51772
51233
37041

surface_downwelling_shortwav... &

curfara tamnaratura

e

Search

Search ...

Results

2732122 results found for "~:*"

A

‘ Sort by Score ¥ Show rows: 15~

WINTER_HAMBURG (Investigating climate change related impacts on the urban winter climate of
Hamburg)

LAMACLIMA (Output of two-phase Earth system model simulations for LAMACLIMA: idealized global
land-use and high-ambition future mitigation land-use scenarios.)

DKRZ_lta (Long-term Archiving of Climate Model Data at WDC Climate and DKRZ (DOKU))
SWIFT-A (Shallow Water Ice Fracture Tracking and Acoustics)

IPCC-AR6_CMIP6 (Coupled Model Intercomparison Project Phase 6 (CMIP6) datasets)
DataWave (DataWave: Collaborative Gravity Wave Research)

WRF_WIND_EC (Mesoscale modeling of wind resources over Ecuador using WRF)

HadCRU_MLE (Maximum Likelihood Estimates of Temperatures using Data from the Hadley Centre and
the Climate Research Unit)

HISISP-QTP (Heat Island Intensity Prediction in an Intelligent Sponge Urban System in the Qinghai-Tibet
Plateau)

coastDat_Marine-Scenarios (coastDat Water Level and Waves Future Scenarios)
ClimAVA (Climate data for adaptation and vulnerability assessments)
AqualNFRA

PalMod2

of 182142 >

30008 0000808008 8 @
1 3
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0:::0WDC About Search
~/ CLIMATE

Results

X 2732122 results found for ==

Example: WDCC k

Sort by Score ~

s:15~ |1 of 182142 >

| sho

WINTER_HAMBURG (Investigating climate change related impacts on the urban winter climate of
Hamburg)

\et | Thes ® Esri— Source: Esri, DeLorme. NAVTEQ. USGS.
xap, iPC. NRCAN. Esri Japan, METI, Esri China (Hong Kong), Esri

). TomTom, 2012 LAMACLIMA (Output of two-phase Earth system model simulations for LAMACLIMA: idealized global
land-use and high-ambition future mitigation land-use scenarios.)

DKRZ_lIta (Long-term Archiving of Climate Model Data at WDC Climate and DKRZ (DOKU))

Citation-DOI m

| @ Bounding box > SWIFT-A (Shallow Water Ice Fracture Tracking and Acoustics) >
I & Temporal coverage > IPCC-AR6_CMIP6 (Coupled Model Intercomparison Project Phase 6 (CMIP6) datasets) >
I i Project e > DataWave (DataWave: Collaborative Gravity Wave Research) >
I Effeable =i v WRF_WIND_EC (Mesoscale modeling of wind resources over Ecuador using WRF)

Type to filter... [ Sort by ~

— HadCRU_MLE (Maximum Likelihood Estimates of Temperatures using Data from the Hadley Centre and >

Show.all the Climate Research Unit)

air_temperature

eastward_wind HISISP-QTP (Heat Island Intensity Prediction in an Intelligent Sponge Urban System in the Qinghai-Tibet >

eastward_wind [ CF

‘Eastward’ indicates a vector component which is positive
R e L R et Rt F R et I IRy NS Wl e narios (coastDat Water Level and Waves Future Scenarios)
as a two-dimensional (horizontal) air velocity vector, with no

area_fractid

relative_hu

vertical component. (Vertical motion in the atmosphere has

precipitat A, pta for adaptation and vulnerability assessments)

geopotent|
Variable information provided by The NERC Vocabulary Server
(NVS), National Oceanography Centre - British Oceanographic Data
surface_do A 3

Centre (BODC), https://vocab.nerc.ac.uk

cloud_area)

0000 3 000083 0 8
3 3 i B B 3

surface_lem perature
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cmip5 output! CSIRO-QCCCE CSIRO-Mk3-6-0 rcp85 mon ocean Omon r3ilp1 v20110518
hfbasinba

hdl:21.14106/db3e8baad9a1512547c63a6f5b718d031a2093f8 @
Jeffrey, Stephen et al.

General Information == Variables %" Data Hierarchy

Variable = Code = Aggregation % Unit =

= northward_ocean_heat_transport_due_to_bolus_advection m hfbasinba (IPCC_DDC_ARS5: 232) mon w

General information

Variable
Variable northward_ocean_heat_transport_due_to_bolus_advection
Description The specification of a physical process by the phrase due_to_process means that the quantity named is a single term in a sum of
terms which together compose the general quantity named by omitting the phrase. 'Northward' indicates a vector component
which is positive when directed northward (negative southward). Northward transport by bolus advection in an ocean model
means the part due to a scheme representing eddy-induced effects not included in the velocity field.
Replaced by northward_ocean_heat_transport_due_to_parameterized_eddy_advection

Variable information provided by The NERC Vocabulary Server (NVS), National Oceanography Centre - British Oceanographic Data Centre (BODC), https.//

vocab.nerc.ac.uk
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BBITS Conclusion

Terminologies matter!

The Inverse Butterfly Effect:
from chaos to FAIR

TERMINOLOGIES

l

—> FAIR

]

DATA

How terminologies can increase the fairness of research data
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BBITS Conclusion

Terminologies matter!

Interdisciplinary Collaboration is Challenging

Different fields use varying vocabularies, taxonomies, and ontologies,

making it hard to translate and interpret data effectively and in a The Inverse Butterfly Effect:
comfortable way. from chaos to FAIR

TERMINOLOGIES

The FAIR Principles Beyond Buzzwords |

FAIR is not just a buzzword: actionable steps and solutions are required to

let increased FAIRness of data become a reality. Using Semantic Artifacts —

in data ingestion, archiving, and distribution can help to increase FAIRness. T
DATA

The ROIe Of Termln0|0gIeS How terminologies can increase the fairness of research data

All kinds of Terminologies (that is controlled Vocabularies, Taxonomies,
Thesauri, or Ontologies) can help to bridge the gaps in interdisciplinary data
interpretation. Tools to map and translate these terminologies help to
reduce misunderstandings and improve data interoperability.
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https://projects.tib.eu/bits/home

LEIBNIZ INFORMATION CENTRE .
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Comments?
SENCKENBERG

world of biodiversity

Remarks?
@ DKRZ
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