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Housekeeping

A few practical notes before we start

By and for the community

This training session was built with content
created with the GEO Community, and it is
here to serve it.

Let's make it a conversation

We are here to interact and exchange. Your
experiences and perspectives make the
session richer.

GEO Knowledge Hub Introduction and concepts @GROUPON

EARTH OBSERVATIONS

Ask at any time

There are dedicated slides for questions, but
feel free to stop us whenever something
needs clarifying.

Materials will be shared

All the materials presented today will be made
available to you in the GEO Knowledge Hub.
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tinyurl.com/sa-gkh-docs
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Session 1 - agenda

1. The Group on Earth Observations
2. Open Knowledge: concept and principles
3. Reproducible science: concept and principles

4. GEO and South Africa Knowledge Hub

01



GEO Knowledge Hub Introduction and concepts @GROUPON

EARTH OBSERVATIONS

all about Open Data and Open Knowledge

GEO is a global partnership
involving 116 governments
and over 162 organizations
from academia, business,
United Nations and civil society.

GEO brings together Earth
Observation providers and users
to promote free, open and
equitable access to EO data and
Earth Intelligence solutions.

By sharing this wealth of
information and research, we
ensure that decisions made for
Earth's future are based on the
best available knowledge.
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GEO Post 2025

1
A world where trusted Earth intelligence is

universally accessible and empowers
society to achieve a sustainable future 77

GEO Post 2025 Strategy

Group on Earth Observations - Strategic Plan
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AGRICULTURE & FOOD SECURITY
@® \WATER & LAND SUSTAINABILITY

©® ECOSYSTEMS-BIODIVERSITY & CARBON
MANAGEMENT

Equity & Inclusion
WEATHER, HAZARD, & DISASTER RESILIENCE

Open Data, Knowledge &
Infrastructure
CLIMATE, ENERGY, & URBANIZATION
ONE HEALTH

EQUITY & INCLUSION

O O e o

OPEN DATA, KNOWLEDGE, & INFRASTRUCTURE
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Satellite data and In situ
datacube

Services

A lot of scattered Earth Observation
data and knowledge!

1, N 'SP

L
EO Derived

Methodology Platforms
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Coordinated
Earth Observation Data and Knowledge
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Data

Satellite data and In situ EO Derived
datacube
Software
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Motivation

Easy to explore

An ecosystem where anyone can discover the content and
Initiatives available across countries.

Coordinated, not scattered

Bringing today's fragmented data and knowledge into one
connected, coherent space.
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FAIR Principles

Findable E)
Easy to locate, with rich metadata and persistent IDs ”@

Accessible

Retrievable via open, standard protocols

Interoperable

Works across systems, formats and vocabularies

Reusable

Clear licences and provenance for reuse

= &

Source: GO FAIR Initiative, https.//www.go-fair.org/
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CARE Principles

Collective benefit

Data should benefit the communities it comes from

=)o =)0
40

1o =D

40
=)o =)0

Authority to control

Indigenous peoples' right to govern their data

Responsibility
Accountable, respectful stewardship of data

Ethics

People's rights and wellbeing come first

Source: Global Indigenous Data Alliance, https.//www.gida-global.org/care
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TRUST Principles

Transparency

Open processes, data and decisions

Responsibility (@
Accountable data stewardship

User focus SN
Built around user community needs

Sustainability @
Durable, long-term preservation

Technology

Reliable, well-managed infrastructure

SO0GE

Source: TRUST Principles, Lin et al. (2020), Scientific Data
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GEO Data Sharing and Data
Management Principles
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GEO Statement on Open Knowledge
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GEO advocates the adoption of Open Knowledge to
create a commons environment that is transparent,
diverse, collaborative, timely and sustainable
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Principles of Open Practices

Transparency Accessibility Reproducibility Collaboration Inclusivity

Open methods Knowledge for everyone Verifiable, repeatable Shared knowledge- Equitable participation
results building
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Open Knowledge

Is the concept of making knowledge (such as
research findings, educational resources, or
technical insights) freely accessible, usable, and
shareable.

It emphasizes removing barriers to accessing

information to foster widespread learning and
collaboration.

Source: Open Knowledge Foundation, https://opendefinition.org/od/2.1/en/

Examples

L F]

Open Educational Resources

Free learning materials - e.g. OER
Commons, MIT OpenCourseWare

Open Access Research

Freely available publications - e.g. arXiv,
DOAJ
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Open Data

refers to data that is freely available to
everyone, with no restrictions on its use,
modification, or distribution.

It promotes transparency and accessibility,
enabling users to analyze, share, and
collaborate on data for research or innovation.

Source: Open Knowledge Foundation, https://opendefinition.org/od/2.1/en/

Examples

2

/N

Sentinel-2
Optical imagery - ESA Copernicus

Landsat
Optical imagery - NASA / USGS

ERA5
Climate reanalysis - ECMWF

SRTM
Elevation model - NASA
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Open Access

refers to the practice of providing unrestricted
access to scholarly publications, research
articles, and academic papers, usually online.

It aims to eliminate paywalls and subscription
barriers, allowing anyone to freely read,
download, and share academic content.

Examples

&

Source: Budapest Open Access Initiative, https://www .budapestopenaccessinitiative.org/read/

Remote Sensing (MDPI)

Open-access research journal

GEO Knowledge Hub (GEO)
Open knowledge repository

Earth Data (NASA)

Free Earth science data
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Open Software

refers to software whose source code is publicly
available, enabling anyone to modify, use, and
redistribute it.

It is fundamental for promoting collaboration and
innovation in scientific research.

Source: Free Software Foundation, https.//www.fsf.org/

Examples
© QGIS
D:Ld Desktop GIS application
<> GRASS GIS
~~~ Geospatial analysis suite

0

GDAL
Geospatial data library

MapServer
Web mapping server



GEO Knowledge Hub Introduction and concepts @GROUPON
EARTH OBSERVATIONS

Open Hardware

Examples

refers to physical devices and technologies N Opensense

whose designs are publicly available, allowing
anyone to modify, replicate, or improve upon
them.

Open environmental sensors

Arduino
: : : it': Open hardware prototyping platform
In Earth observation, this could include sensors,

drones, or satellite components.

SatNOGS
@ Open satellite ground stations

Source: Open Source Hardware Association, https://oshwa.org/resources/open-source-hardware-definition/



GEO Knowledge Hub Introduction and concepts @GROUPON

EARTH OBSERVATIONS

Open Infrastructure

refers to the systems, platforms, and tools that
support the open sharing, storage, and analysis
of data.

It groups digital platforms and repositories that
facilitate the dissemination, preservation, and
accessibility of research outputs like publications,
data, software, hardware, and more.

Source: CERN, https.//openscience.cern/infrastructure

Examples
© OpenStreetMap
D:Ld Open collaborative map

0

LLLD

=

GeoServer
Open geospatial server

Zenodo
Open research repository

GEO Knowledge Hub
Open EO knowledge platform
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Open Education

refers to the use of openly available educational
resources, tools, and materials to improve access
to knowledge and learning.

Open Education seeks to scale educational
opportunities by taking advantage of the power
of the internet, allowing rapid and essentially free
dissemination, and enabling people around the
world to access knowledge, connect and
collaborate.

Source: Open Education Consortium, https.//www.oeconsortium.org/about-oec/

Examples
IE OpenCourseWare (MIT)
I—-—l Free MIT course materials
Coursera
] |
— Open online courses
1=
University-level MOOCs
(IOR Khan Academy

Free lessons for all
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GEO Data Licensing Guidance
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Licences in Open
Practices Examples

CCo 10
@ Public-domain dedication (Creative
Commons)
it determines the terms under which data, software,

or research can be used, modified, and distributed.
@ ODC PDDL v1.0

Public-domain dedication (Open Data
Commons)

p CCBY 4.0
. Attribution required (Creative Commons)

Licences: CCo & CC BY 4.0 (creativecommons.org) - PDDL (opendatacommons.org)
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Reproducible research

REPRODUCIBLE
Reproducible — )
Authors provide all the necessary data and the computer codes to run . :} L -4
the analysis again, re-creating the results. °Z7v = — 13
L—) Pa (——J

REPLICABLE
. A (
Replicable o=
p /JJ; () |
A study that arrives at the same scientific findings as another study, EX/X DIFFERENT DATA }‘ _

collecting new data (possibly with different methods) and completing

new analyses. \\_) (_J
o
P29

Source: Illustrations from The Turing Way: Shared under CC-BY 4.0 for reuse. Zenodo. 10.5281/ZENODO.3332807
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GEO In-situ Data Strategy
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In Practice

You might...
« download Sentinel imagery (open data)
« use QGIS (open software)
« publish your workflow on GitHub (open knowledge)

« andciteitin a paper shared on arXiv (open access)
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GEO Community
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GEO Community



EO Applications
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EO Applications
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Satellite data and In situ
datacube

Services

A lot of scattered Earth Observation
data and knowledge!
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EO Derived

Methodology Platforms
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Coordinated
Earth Observation Data and Knowledge
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The GEO Knowledge Hub is a central cloud-based digital library
created to preserve, disseminate, and support the reuse of EO

Applications developed by the GEO Community
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Since 2021, the GEO Knowledge Hub Is serving the GEO
Community as the central repository to share and preserve

Open EO Data and Open EO Knowledge
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Open Centralize Preserve

Curate Engage



GEO Knowledge Hub

gkhub.earthobservations.org
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Knowledge Resources Content

Reports

Articles

Maps

(Frequency of crop warnings)

OGC Services
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Global Local
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Issues
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National

) 4

Contextualize

\ ¢
Communities
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Activities
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National GKH

National GEOs can have their own customizable space

Countries are sovereign to manage their spaces

Based on the content and features of the global
GKH
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Benefits for countries

@

Shared challenges

Countries face the same
environmental problems and
solutions can be shared.

-

National ownership

Each country deploys and
manages its own platform on
the GKH infrastructure.

e
®2
O

Impact beyond borders

Benefits the country and
adds knowledge that other
nations can reuse.

50
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Our trajectory

Milestones in the journey of the National GKH.

2024

ODOK China

The starting point — where the
idea first took shape.

Photo

51



Our trajectory

Milestones in the journey of the National GKH.

2024

ODOK China

The starting point — where the
idea first took shape.

Photo

2025

ODOK Italy

First functional version

presented to the community.

Photo
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South Africa was the first country to adopt the
National GKH and contribute actively to its

development.



Our trajectory

Milestones in the journey of the National GKH.

2024

ODOK China

The starting point — where the
idea first took shape.

Photo

2025

ODOK lItaly

First functional version

presented to the community.

Photo
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2026

ODOK Switzerland

Dedicated session on the
National GKH to share
experiences

Photo

2026

NEOSS Workshop

Workshop introducing the hub
to the wider community.

Photo
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South Africa GKH




Co-development process

The idea is raised, discussed and 2 The agreed idea is implemented in
shaped together. Development the National GKH.

A Everyone's opinion v
at every step

4
Remove
D |

When the team agrees, we take
out what is no longer useful.

We review what is in place and
adjust what needs changing.




South Africa GKH

South Africa |

First National GKH in operation,

the pioneer |
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Ownership

Full control over governance, configuration and published content.

Sovereignty

The country decides what it publishes or shares.

Trusted infrastructure

GKH-grade preservation and global discoverability.
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Key representatives

9000

Lulu Makapela Bolelang Sibolla Kwanele Ngongoma Elhadi Adam Tshisikhawe Mphaphuli



doi.org/10.60566/bxtza-34p90
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National GEO Knowledge Hub
Implementation guidelines

05
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A growing network

From the first hub to a growing community of National GKHs.

South Africa Ghana

Live Building

First National GKH in operation. National GKH under construction

Kenya

In discussion

Conversations under way

60
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GEO Data Sharing and Data
Management Principles

05
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Questions
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Session 2 - agenda

1. GEO Knowledge Hub to preserve and share content

2. Importing content to the National GEO Knowledge Hub
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Session 2 - agenda

1. GEO Knowledge Hub to preserve and share content

2. Importing content to the National GEO Knowledge Hub
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Making EO Applications

EO Application
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Making EO Applications

Q EO Application

Satellite imagery - N
e

In-situ data /( > .
Q ’

Processing scripts

O




()

Satellite imagery

O

In-situ data

P

Processing scripts

Making EO Applications

EO Application

/—— a
- W

S

\Workflow

C

Data results

=

Articles & notes
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Sharing EO Applications
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Satellite imagery Workflow

O
C

In-situ data Data results

P G

Processing scripts Articles & notes



Sharing EO Applications

o @

Satellite imagery Metadata \Workflow

(title, description, license, and others)

e e e e e e e e e e e e e e e e e e e e e e e e e e = e

O
C

In-situ data Data results
Processing scripts Articles & notes
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Sharing EO Applications

o @

Satellite imagery Metadata \Workflow

(title, description, license, and others)

e e e e e e e e e e e e e e e e e e e e e e e e e e = e

O
C

__________________________________________

In-situ data ! | ‘: Data results
: Files 5
Q E (Resource file itself or auxiliary ones) ,i Q
Processing scripts Articles & notes
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Sharing EO Applications
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Satellite imagery Workflow
™ PatformB Q
In-situ data Data results
Q“f _______ Platform C | Q
Processing scripts Articles & notes
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Sharing EO Applications

Satellite imagery Workflow
——|___PlatformB___; ___PlatformB___ ”"Q
In-situ data Data results
Q“{ _______ Platform € ; _PlatformE__ ’*@
Processing scripts Articles & notes
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Knowledge Package and resources
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Satellite imagery Workflow
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Knowledge Package

Processing scripts Articles & notes
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Knowledge Package and resources

Satellite imagery Workflow

Data results

In-situ data @@@

Knowledge Package

Processing scripts Articles & notes



Knowledge Package and resources

Satellite imagery Workflow

_______

In-situ data @@@ Vetadata Data results

Knowledge Package

Processing scripts Articles & notes



Metadata

Provides critical information about the dataset's
origin, purpose, structure, and context.

GKH uses DataCite schema

GEO Knowledge Hub Introduction and concepts @GROUPON
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Examples

B Y FF @

ISO 19115
Geographic metadata standard

DataCite
Metadata for research data & DOls

Dublin Core
Simple cross-domain metadata

EML
Ecological Metadata Language



Knowledge Package and resources

Satellite imagery Workflow

_______

In-situ data @@@ el Data results

______________

Knowledge Package

Processing scripts Articles & notes
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Open
Data FO rm atS Examples

GeoTIFF
Georeferenced raster imagery

Csv
Comma-separated tabular data

File structures that store data. Formats define

how the data is stored, accessed, and shared. JSON

Text-based data interchange

[

XML
Structured markup data

i)

.f! NetCDF
Array-oriented scientific data
m GeoPackage

SQLite geospatial container



Open
Data Conventions

are the guidelines for how data is organized and
formatted within a specific data format.
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Examples

@ ()

=

CF Conventions
Climate & Forecast metadata standard

GeoJSON
Geospatial data encoded in JSON

OGC Standards
Open Geospatial Consortium specs

INSPIRE
EU spatial data infrastructure
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Knowledge Package and resources

Data results

Processing scripts Articles & notes
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Knowledge Package and resources
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Satellite imagery Workflow
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Data results
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Persistent
ldentifiers

A persistent identifier (PID) is a permanent, unique
reference to a digital resource. It keeps providing
access to that resource even if its web location
changes.

PIDs make content citable, findable, and reliably
linkable over time.

GKH provides DOI and uses ORCID and ROR

Examples
2 DOI
!@ Datasets, papers and publications
- ORCID
()]
Researchers and authors
Q Handle
O General persistent ID system
EAONN ROR

Research organizations
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Knowledge Resources
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Knowledge Resources

Content

Reports

Articles
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Knowledge Resources Content

Reports

Articles

Maps

(Frequency of crop warnings)

OGC Services

92










Open
Protocols and APIs

allow data and software to communicate and
work together seamlessly.

GKH provides a REST API
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Examples
. OGC WMS
Jan Serve map images over the web

OGC WFS

Serve vector feature data

P REST APIs (STAC)
¢ Web APIs for geospatial assets
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A User is someone who goes into the digital library

to discover and learn from EO Applications.

Search and access content
' Interact with the community
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A Knowledge Provider is a special kind of User

that can share content in the GEO Knowledge Hub

Knowledge Package

_________________________________________________________________________

* § Same possibilities as a User

e e e e e e e e Em o Em e Em e mm o mm e e mm e Em e e e Em m Em e mm e mm e e e M e e e M e e e e e mm m M e e e e e e e e e e e
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g . Create and manage Packages and resources
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Questions



Example of a Knowledge Package
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Title: Monitoring climate zone change in Kazakhstan: Koppen-Geiger climate

maps

DATA MANAGEMENT PLAN

m kalamkas-dmp.pdf

OUTPUT DATA

/A model-biases-temperature.csv
trend-results-location.csv

PUBLICATION
m https://doi.org/10.3390/ijgi15020057

INPUT DATA
station-1.csv

SOFTWARE

JS koppen-modal-ssp585-2071-2100.js

PRESENTATION
presentation-2025.pdf
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Resources

« GEO Statement on Open Knowledge

* The Value of Open Data Sharing

« GEO Data Sharing and Data Management Principles

« GEO Data Licensing Guidance

« GEO Dialogue Series (2023)

« GEO Dialogue Series (2024)

- GEO Data and Knowledge Dialogue Series (2026)

100


https://earthobservations.org/storage/documents/Open-Knowledge/GEO-17-4.1_GEO%20Statement%20on%20Open%20Knowledge.pdf
https://earthobservations.org/storage/documents/Open-Knowledge/GEO-17-4.1_GEO%20Statement%20on%20Open%20Knowledge.pdf
https://gkhub.earthobservations.org/records/r0zv7-t5j05
https://gkhub.earthobservations.org/records/r0zv7-t5j05
https://doi.org/10.60566/3p7vv-ykj55
https://doi.org/10.60566/3p7vv-ykj55
https://doi.org/10.60566/c3yd5-2s987
https://doi.org/10.60566/c3yd5-2s987
https://doi.org/10.60566/d2f47-t7b76
https://doi.org/10.60566/d2f47-t7b76
https://doi.org/10.60566/y1s73-bsh46
https://doi.org/10.60566/y1s73-bsh46
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Session 3 - agenda

1. Sustainability of shared knowledge
2. On-boarding with the GEO Self Assessment Dashboard
3. Creating Knowledge Packages using Al and curation

4. GEO Knowledge Hub documentation

OOOOOOO

EEEEEEEEEEEEEEEEE
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Tools we will look at

Everything is open and available online

Knowledge Package Checker
https://gkhub.earthobservations.org/tools/checker

GEO Self-Assessment Dashboard

https.//gkhub.earthobservations.org/tools/self-assessment

Al-assisted Knowledge Package creation
Not available yet — coming soon

GEO Knowledge Hub Documentation

https.//gkhub.earthobservations.org/documentation

GEO Knowledge Hub Introduction and concepts
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Creating Knowledge Packages using Al
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How we apply Al

Three steps, and the human review is what makes it trustworthy.

Upload » Generate Review

The author uploads the resources Al drafts metadata and The author checks, corrects and
of the knowledge package. documentation from that material approves every generated item.

Review is the step that matters most
Al only proposes, nothing becomes part of a knowledge package without the author's review and approval.
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Session 4 - agenda

1. Participant feedback
2. Discussions on lessons learned

3. Next steps for the SA-GEO Knowledge Hub community
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