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Geodesy data and products

Credit: Vocal Media, 2026.

* Applications: reference frames, sea-level rise, tectonics, hazards, land
surveying and navigation

* NB - Data are only valuable if findable, accessible, interoperable,
reusable and understandable.
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How do we as data stewards handle data responsibly?

Credit: GPS Navigation, 2025. Credit: GIS Surveyors, 2025. Credit: Britannica, 2026. Credit: Fresh Vision, 2014.



The stewardship challenge

» Data are scattered across agencies, organisations and networks

* Data are managed inconsistently and lack policy

* Metadata standards exist, but applied inconsistently

* Use different licences, unclear reuse rights

* Inadequate citation

Risks: data that is siloed, difficult to find and access, unused, lost and researcher apathy

How can we address these challenges?



The frameworks at a glance

Open Science
The overarching culture

TRUST

\ Repository certification
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Source: Wilkinson, D. et al., Gudde, R. et al. & CoreTrustSeal




Open Access and Open Science

* Open Access means free, timely access with clear licences (e.g., CC BY, CCO)

* Open Science covers open data, software, methods, publications and collaboration
(UNESCO Recommendation on Open Science, 2021)

* Geodetic precedent of collaborative sharing:

0 Example: IGS and IVS of the IAG services have shared GNSS data and products
openly for decades



FAIR (goal-oriented) principles for data

:@ Findable

Accessible
Béé Interoperable

@ Reusable

PIDs (DOls), rich metadata, catalogue and metadata repository,
interface

Through agreed protocols (HTTPS, FTP, APIs)

Standard formats (RINEX, SINEX, SP3, NetCDF), controlled
vocabularies, metadata schemes (DataCite, Dublin Core, I1SO) and
GeodesyML

Clear licence framework, provenance to be trusted, comply with
ethics
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. clear policies, scope and holdings

. data integrity, authenticity, community accountability

. meets the needs of data communities CORE
. long-term funding, preservation, succession planning SEAL
. secure, reliable infrastructure and standards

Link: describes the data and describes the place where data is stored

Certification options:

[0 CoreTrustSeal (https://www.coretrustseal.org)
[ WDS-aligned repositories (https://worlddatasystem.org)



CARE principles for indigenous data governance

* Collective benefit: data ecosystems should benefit communities
= KNOW YOUR ROOTS:
INDIGENOUS PEOPLE OF

* Authority to control: community consultation and access agreements ““SOUTH AFRICA ==

* Responsibility: transparency and positive relationships

e Ethics: minimise harm and maximise benefit of data for society

Cattle Herders Zulu, Xhosa,
JHawtor: Gatherers | & Tnders Sotho & More 4
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s OUR HISTORY BEGAN LONG
— BEFORE COLONIZATION...

Link: FAIR is data-centric and CARE is people- and purpose-centric

Geodetic relevance: stations and campaigns on indigenous or RESPECT. LEARN. CELEBRATE.  AFRICA
community land, requires co-designed monitoring, capacity building, Credit: Take Step Africa, 2026.
respect for sensitive locations

NB - Respect for indigenous knowledge and providing credit and acknowledgement is vital!



Credit and acknowledgement: data citation and policies

FaXCIJ5an®  Data and software policy SPRINGER NATURE

AGU requires that the underlying data and/or software or code
needed to understand, evaluate, and build upon the reported
research be available at the time of peer review and publication.

Citing data sources

[...]. This entails: You should cite any publicly available data on which the conclusions

4. Depositing the data and software in a Community accepted of the paper rely. This includes novel data shared alongside the
trusted reosito’ as appropriate’ and preferab|y with a DOI publication and any secondary data sources.

|nc|uding an Ava"ab"i Statement as a Separate paragraph Data citations should include a persistent identifier (such as a DOI),
in the Open Research section exp|aining to the reader should be included in the reference list using the minimum
where and how to access the data and software information recommended by DataCite (Dataset Creator, Dataset

: : T : Title, Publisher |repository|, Publication Year, Identifier |e.g. DOI,
And including citation(s) to the deposited data and software, i er_“epo fOIV] A s s 29
: : Handle or ARK]) and follow journal style.
in the Reference Section.

https://www.agu.org/Publish-with-AGU/Publish/Author-Resources/Data-and- https://www.springernature.com/de/authors/research-data-policy/data-
Software-for-Authors (last access 2 Sep 2024) availability-statements (last access 11 Oct 2024)
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Credit through citation

Hydrology and Earth System Sciences

An interactive open-access journal of the European Geoscences Union

| EGU.eu | EGU Publications | EGU Highlight Articles | Contact | Imprint | Data protection |

Landscape-scale water balance monitoring with an iGrav = i S T e ey S

superconducting gravimeter in a field enclosure

Cile & Cogy ciation to diphawd
- ° Wzicntek, Kaetrind; Woll, Peter; Nowak, lloms; Richier, Bernd; Riles, Axrst; Wikmes, Herbert (2017): Supercondecting Gravimeter Duts from Wettzell - Leved 1. GFZ
Andreas Giintner®14, Marvin Reich@1, Michal Mikolaj!, Benjamin Creutzfeldt?, Stephan Schroeder?, I e a S Pl L s

and Hartmut Wziontek®3

. Data availablity: [..] Gintner et al. (2017) provided the Files: .. ooummn et b s T S 0T s A 30 1
data of 1Grav006, both raw | s gravity records and [..]
Wziontek et al. (2017) provided the raw gravity data of e i e 0 21 ot

the t"VO SuperconduCting graVimeterS [' '] in Wettze”" H M ot:::.:?::m Tho Goodutic Olasrvalory Wittzel s bacated 0n a moustam fidge of the Bevarien Forust {omgude: 1288 €,

References

| Giintner, A., Reich, M., Mikolaj, M., Creutzfeldt, B., Schroeder,
S., Thoss, H., Kliigel, T., and Wziontek, H.: Superconducting
gravimeter data of iGrav006 and auxiliary hydro-meteorological
data from Wettzell — Supplement to: Landscape-scale water
balance monitoring with an iGrav superconducting gravimeter
in a ficld enclosure, https://doi.org/10.5880/gets. we.gfz2.11.001,
2017, DOI

Wziontek, H., Wolf, P., Nowak, L., Richter, B., Riilke, A., and
Wilmes, H.: Superconducting gravimeter data from Wettzell —
Level 1, hitps://doi.org/10.5880/igets.we.11.001, 2017. DOI

data citations in papers
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. GEOSOENCES DATA PUBLSHER

Detaset Ahsasad

Files D7l Ats¥act ul}

® B B EQuws dowrkond vin o (registrotion and FTP diert ¢ International Asscciabion of Geodeery [1AG). IGETS continuss the activities of the Globel Geodynamics Profect
aqien) (G, 1997-201%) to provide suppart 10 geodatic and geophnaic resmerch activithes Uing mupercondecing

Gronimetar (S0) Gt within the COMteat of an Intemational nedwark
Licasan: CC I15Y 4.0

The Geodetic Observalory Wettzel (Germarr) is eperated fointly by the Federal Agency for Cortography snd

hatn twewe hosted bry BSDC (Informution Syster and Osta Contter) sl GIZ.

latitucke: 40,10 &, hoight abova MSL: 611 m). The orystaling basemant of metamorphic rocks (Graks)
Vo, C., Fovste, C, Waontek, W, Crosddey, O, Waettzell is cowered from bottom % top by westhedng zones of vtured gnelss, saprole, perighadad mestry
Data Set . Meurers, B, PEENKML, ¥, . Sun, K (2016], Report 6190 Rrpers and cal, with Cambisels kg wp the prodominont sl type. The cimate is tmperte with
® B E Bnthe Dots Bose of the Intemational Geodynarsios meon onned predpitation of 953 mem and mesn sl temperatere of 7°C, Lond cover In the saroundings
and Darth The Sentcs (IGETS), GIZ Garman of the ctmervatory i dominated by # maslc of graselend and formet, whils grasstanct, grvesd sncd mmsled sur
% P Tinome of ronds ied BudAngs et th orounde of the chssrvatory. Becismn of the rsmste, ned koo
Rsanrch Conttw for r"“ﬁ“d"'«""“‘ o/l Thon e SEATHoN 5 Charactinined Lry bouw errebonmaral fs
0.2312/gf2.ba03- 16067

Shace 1959, an slmost unintermugtod Hime senes of grawity and barometric pressure verkathons wes aogubed
WS diferent SG3 In 1990, o seres of repeatod messureenents with diterent ateniute grvdmeters (AG) was
ptarted

 rie T O il foborabon) i 1 SLIRON Wettioel: L3 and L2, L1 wisk Bull b 15HE. 18 b an isotited scbd
Ming With 2 coscreta pilars in separte rooms for SG and AG observotions. MNow eich room & tharmaly
DI2ed by 2de-Conaiioning system . The nes bitomstony L2 16 o well kolted sl tuliding cosstructied in
It provides 2 concrete pllans In separte rooms for SG observitinns and 4 conarete pilas e AG o
wione ond comparisons i a thicd room. Al roome are Bemally stabiized by sir-condtioning systoms,

<@ Related Work
Cited by

B Boverriss 1999 te Octebir 2010 e dual splw S0 CO0I0 mas oparatod in L1 nod wince June 2030
dual spburs SO0 (after worade) & recordng b L2, Sice March J011 Uhe dul s hen SGO20 {after
rode) s recondng data in L1 again. These data sre oveslobie ot the IGETS dotabase. Eorbey, TT60
BN - 1055/00) ard SGLIT (199%G6,04-199707) wese inetaled ot L3

Guntner, A., Reich, M., Mikolaj, M., Creutzfeldt, B.,
Schroeder, S., & Wziontek, H. (2017). Landscape-
scale water balance monitoring with an iGrav super-
conducting gravimeter in a fleld enclosure.
Hydrology and Earth System Sciences, 21(6),
3167-3182. doi210.5196h65‘:'-21-3167-2017

paper citations in data publications

to the sxcellert stab:lly of the wation wad the (adities to yter- compern difweent AlGe, e Geodetic
wotory WL wins derssboped 25 0 regio il Comparson se winch serses in o ofenenos foc the na
WM Car raan granity refrence syatem.
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What do we do with all
those DOIs?

How to cite derived products?

COMBINATION PRODUCT
10.5880/ICGEM.COST-G.001

e

COST-G = Combination Service for Time-variability Gravity Fields

P BN

Analysis Centres (AC)

Each has its own DOI

The DOI metadata of the combination
product includes citations of all
original products from the ACs and
vice versa

IGS Stations
' Each has its own DOI




Citing 100+ DOlIs in
data publications

e (Citations must be included
in the DataCite Metadata
(XML, JSON) as ,related

identifier”

e Not easy with general
repositories, like Zenodo

e Technically possible for
DataCite

GFZ DATA SERVICES

a GLOSCIENCES DATA PUBLISHER

B The Global Heat Flow Database: Update 2023

Dataset

n
]

Released

Cite as Copy diation to clipboard

Globol Heot Flow Data Assessment Group; Fuchs, Sven; Neumann, Florian; Norden, Ben; Beardsmore, Graeme; Chiozzl, Paolo; Colgan, William; Anguiano
Jominguez, Ars Pauling; Dugue, Marls Ross Alves; Ojeds Espinoza, Orfando Miguel; for:
Medon, Mazlon, NegrebeAranda, Roguel; Poort, Jeffrey; Rezolk, Ttay ).

Robert; Joelebt, Argo; Liebing, Helena; Ui, Shaowen, Liidtke, Gwendoli
I; Rotandona, Frédériqua; Stal, Tobias; Viardoya, Massimo; Wu, Jyun-Nai
5://dol.orgf 105880/ idgeo. 2023008

er, Florian; Féestes, Andrea; Frohder, Robert; Fuentes, Karina; Hajto, Marek;
Riedel,
23): Tha Global Heat Flow Database: Updata 2023, V. 1. GFZ Dita Services

Files I-_?'I
Download data and description publication containg the compllation of global heat-flow data by the Intemational Heat Flow

¥ lon (IHFC; www.ihfc-lugg.org) of the Internaticnal Association of
rice (IASPEL). The presented data update 2023 cortal
ntermediate update banediting from the global collal
control of the Global Heat Flow Database runaing since May 2021 (http://a:

Licange: CC BY 4,0

sament, ihfc-Ripg.org).

Dataset Description Authors

Documented by Global Haat Flow Data Assessment Group

Fuxchs, Sven Gerran Resaarch Centre for Geasdences, Potsdam, Germary

Fuchs, S, Beardsmore, G., Chiozzi, P, Espinoza
Ojeda, O. M,, Gola, G., Gosnold, W,, Harris, R.,
U, S, Negrete-Avanda, R, Newmann, Norden, Ber\
8., Poort, )., Rajver, D., Ray, L, Beardsmore,
Richards, M, Smith, ), D, Tanaka, A, & Verdoya,
M. (2021), A new data
Global Heat Flow Databasa, Intamational Journal of
Terrastrial Heat Flow and Applications, 4(1), 1-14. A
https://dol.org/10.31214/ijthfa.vai1,62 Ducgue, Marls Ross Alves', Universidade de Evors, Departamento de Fisica, Evors, Partugal

Neurnenn, Forlen's) ;GFZ German Research Centre for Geosclences, Potsdam, Germeny

iFZ German Research Centre for Geosclences, Potsdam, Germany

aema';Univarsity of Melbourme, Australia

Chioza, Paolol S DISTAV, University of Genoa, Ttaly
Colgan, Willlam
Anguiano Dominguez, Ana Paull

56 StrUCre Tor the THFC

| Geological Survey of Dersrark and Greenland (GEUS), Copenhagen, Denmark
idad Autdnoma de Nuevo Ledn, Mexico

Univer

Djeda Espinozn, Orlando Miguel'S),CONACYT - Instituto de Investigacdones en Clencias da la Tierm,

1 . N0 e San Nicolis de Hidalgo, Marelin, México
Forster, Florian');School of Earth Sciances, University of Melbourne, Australia

Related Work

Férster, Androa's);GF 2 German Research Centre for Geesclonces, Rotsdam, Germany

Cites Frihdar, Robert;GFZ German Rescarch Centre for Geosdonces, Potsdam, Gormany

Fuentes, Karnale), Centro de Tnvestigack

Fuchs, S.; Frster, A.; Morden, B, (2022): - AGH University of Scienos snd Technology: Krakow, Laser Poland
f the terrestrial bant flow In £ %

far the rea: ment of ghobal conts- +0regon State Universky, USA
noatal haat-flow data. Earth-Science Reviows. 10,1 J6ateht, Argol; Dapartmant of Geology, University of Tarty, Estonla
016/) earscirey. 2022.104231 Liebing, Helens;GFZ German Resesech Centre for Geosciences, Potsdam, Germeny
L, Shaowerd2);Schoal of Geography and Ocean Science, Nangng University, China
Lidtke, Gwendolin;GF Z German Research Centre for Geosciences, Potsdam, Germany
Madon, Mazian®; Mataysian Continental Shelf Project, National Security

Haito, Marek!
i5, Rober

Sermany.

Global Heat Flow Compilation Group. (2013).
Componant parts of the Woskd Heat Fiow Dita
Caifection [Daka set]. PANGAEA - Dsta Publisher foe

1, Putragaya, Mataysia

n
[a ]

smology and Physics of the
dats genersted between 1939 and 2022
prative assessment and quality

Clentifica y de Educaci(n Superior de Ensenads, Baja Calitornia

Earth & Environmental Scence. https://dot.org/10. Negrete Arands, Raquel'; Cenlro de Investigaciin Clentifics y de Educecidn Superior de Ensenada, Baje

1594/PANGAEA 810104 Califorria -

Ittpe://00),0rgf LO013/epic.A01 76,4002 Poart, |£ﬂf9y“f Sorbonne Université, CRRS, Institut des Sciences de Ia Terre de Poris, Poris, France
Reznik, tay 1.2 Water and Notural Rescurces, Geological Survey of Tsradi, Jerusalem, Tarmel

Lucazan, F. {2019). Andlyeis and Mapping of an Ricdsl, Michaal();Geomar Helmboltz Contra for Dosan Research Kich, Kidl, Garmany

Updated Terrestrial Heat Flow Data Set.
Geochemistry, Geophysics, Geosysterns, 20(8),
4001-4024. hitps://dol.org/10.1029/2019p00828
9 Verdayn, Massimo'is); DISTAY, University of Genoa, Taly

Vi, yun-NalllD;Scripps Institution of Ocesnography, University of Californis, San Diego
Contact

Fuchs, Svan (Group leader) ; GFZ German Resesrch Cantre for Geosclences, Patsdam, Germany; =

seriguels; Sorbonne Unhersité, ©
Physics, School of Natural Sckences, Univessity of Tasmania, Austraka

Rolendane, Fr

hitps://dol.org/110.1029/8073i020p06608
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Citing >100 DOiIs in journal articles

Problem: Journals often limit the number
of citations in articles - but each data
provider must get credit

RDA Complex Citation Working Group (2023+):
* Create a ,container”that includes, e.g. DOIs
of 500 GNSS stations used in an article

* Cite the ,container” in the article

* Develop a workflow for journals to ,,unpack”
the ,container” and include all individual
citations in the DOI metadata

m } O&A Members 71 MEN
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Home » Working and Interest Groups » Working Group » Complex Citations Working G

n Complex Citations Worklng Group
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Q:J = T, =

Posts Create Wiki Events Repository Outputs
index

https://www.rd-alliance.org/groups/complex-citations-

working-group




A more ethical question

What happens when, e.g. a data product with assigned DOI is distributed through
another data center? Do they need a new DOI?

Arguments for “yes"

nasa Jet Propulsion Laboratory m
> Califomia Institute of Technology
You need an identifier to download the data — | B Physico
independent of the data center.

HOME FIND DATA ACCESS DATA RESOURCES ABOUT HELP
=> Does this identifier need to be a DOI??

Home » Dataset Discovery

"howe\[er" GRACE NON-TIDAL ATMOSPHERE GEOPOTENTIAL COEFFICIENTS GFZ RELEASE 6
GRACE L2 data: produced by GFZ and

(Gi?ACE_GAA_LZ_GRAV_GFZ_RL06)
© Information & Coverage £ Data Access I Documentation ] [ Citation
distributed via PO.DAAC (JPL) > With

L. . . Citation is critically important for dataset documentation and discovery. Please cite the data as follows,

Orlglnal DOI mlntEd by GFZ Data SeerceS and cite the reference papers when it is appropriate.

(DOI prefix(10.5880/ \> GRACE. 2018. GRACE_GAA L2 GRAV_GFZ_RLO6. Ver. 6.0. PO.DAAC, CA, USA.
Citation Dataset accessed [YYYY-MM-DD] at https://doi.or

DOls provide the credit for the data originators and should not change when the data

are distributed through other data centers. For direct access, other persistent
identifiers (e.g. Handles) could be used. New versions for changes citing the original!

CLOUD DATA

9 Version History
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Summary

Data is only valuable if it is FAIR and open and remains so over time.

Data stewards experience challenges caused by dispersed data, poor data management
and lack of adoption of metadata standards.

A lack of credit through citations causes apathy among researchers and data providers.

What can we do?

* Adopt data policies to align with FAIR, TRUST and CARE
* Register and certify repositories

* Give credit where it is due.

* Adopt best practices for metadata management.

* Be part of collaborative initiatives such as the GGOS Committee on DOIs for Geodesy Datasets and the RDA
Complex Citation WG.

Thank you

Email:

arnanfYr2rav/it)Ncaram A, 9



