
July 2026

ENVRI-Hub tools and VREs for researchers

Gabriel Pelouze, Koen Greuell, Zhiming Zhao
University of Amsterdam
LifeWatch ERIC - Virtual Lab & Innovation Center (VLIC)



LifeWatch: an infrastructure for biodiversity and
ecosystem researchers

Data management
•Catalogue
•Search
•FAIRification

Research software
•Models
•Workflow management
•Virtual research environment

Capacity
•Computing
•Storage
•Network

New research methods
•Digital Twins
•AI
•...

Community
•Training
•Support



Three Training Sessions: From Data to 
Quality Software

1

ENVRI-HUB &
Essential Climate Variables

• Discover environmental research 

infrastructures

• Access ECV data via the ENVRI-HUB 

catalogue

2

Workflow Co-development
in a VRE

• Build analysis workflows 

collaboratively

• Share notebooks and tools in a Virtual 

Research Environment

3

Research Software Quality
Model & Assessment

• Apply the RSQKit quality model

• Assess and improve the software 

behind your workflows

data feeds
workflows

workflows are
software

Common thread:  FAIR climate data → discovered and analysed through collaborative workflows → sustained by quality-
assessed research software



Expected learning outcomes

•Become familiar with ENVRI, the ENVRI-HUB, Virtual Research
Environment, and Research software quality

•Understand the basic concepts of Virtual Research Environments 
and the workflow co-development methodology

•Be able to use ENVRI-HUB services and the NaaVRE platform to
run and co-develop simple workflows, and to assess the quality of
the research software
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Computing technologies and scientific
research



3

2

eScience tools (research Infrastructures)
Science-ready resources for analysis and collaboration

Tools, models & services   ·   workflow composition & 
execution   ·   virtual research environments (VREs)

Data assets (data/research infrastructures)
Managing the full research data lifecycle

Acquisition from sensors & observatories   ·   curation & 
quality control   ·   publishing & sharing (FAIR)

ICT capacity (e-Infrastructures)
Generic computing, storage and networking capacity

Cloud, HTC & HPC computing   ·   scalable, federated storage   
·   high-speed connectivity & AAI

acquire curate publish share

Infrastructures for supporting scientific research

Infrastructures Supporting Scientific Research

e.g.  EGI, EUDAT, GÉANT

e.g.  ICOS, eLTER, Euro-Argo, EPOS

e.g.  LifeWatch ERIC



Infrastructures in scientific communities

• LifeScience
• Social science and

Humanties
•Astronomy & Particle

physics
•High energy physics

(Photon and Neutron)
• Environmental and

earth sciences

Science
clusters



Expected learning outcomes

•Understand the concepts of the ENVRI-HUB
•Understand how the ENVRI-HUB can support Essential Climate

Variable workflows
•Gain practical familiarity with the ENVRI-HUB services



Outline

1. What is ENVRI and ENVRI-HUB?

2. Essential Climate Variables (ECV) and ENVRI-HUB

3. Jupyter notebook and Virtual Research Environment 

4. Practice
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1. What is ENVRI and ENVRI-
HUB?
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1. ENVRI:

• RIs in environmental
and earth sciences
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ENVRI together: 15 Years of collaborations 

ENVRI

2011.11-2014.10

ENVRI-plus

2015.3-2019.2

ENVRI-FAIR

2019.3-2023.6

ENVRI-Hub NEXT

2024.2-2027.1



ENVRI-HUB : The gateway ! 
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https://envri-hub.envri.eu/



Architecture of ENVRI-HUB
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ENVRI Knowledge Base

What is the Knowledge Base? 

16

o The ENVRI Knowledge Base (ENVRI-KB) is a 
part of ENVRI-HUB.

o It improves upon the previous project, 
ENVRI-FAIR, by adopting a microservice-

based system design for faster response 
times and scalability.

o It introduces the next generation of search 
technology for the Environmental RIs.

o ENVRI-KB Seamlessly integrates Generative 
AI into its core search functionalities.



ENVRI Knowledge Base: A Short History
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RI Developers: Data
Management of RI Service
Developers: FAIRification

User: Dialogue enhanced
Knowledge discovery

Users:
RI (data, notebooks, 
documents) retrieval

ENVRI-plus, 2015.3-
2019.2 ENVRIFAIR 2019.3-2023.6 ENVRI-HUB next 2024.2-2027.1



Knowledge Base Features: Free text 
search
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e.g., “Essential Climate Variables”



Knowledge Base Features: Free text 
search
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Knowledge Base Features: Free text 
search

20



KB Features: Environmental Expert



Architecture of ENVRI-HUB
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Catalogue of services user interface
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How does the ENVRI Service Catalogue work?

A common metadata schema enables one query across heterogeneous research infrastructure catalogues

Researchers & applications
one query, one common interface

e.g.  “ocean & air temperature, 2010–2020, North 
Atlantic”
answered by all RIs at once

query in common terms

ENVRI Service Catalogue single point of discovery & access

Unified query & access API      search · filter · retrieve — across all federated RI catalogues

COMM ON
MET ADA TA 
SCHEM A

variable location time provider access

native ⇄ common native ⇄ common native ⇄ common
queries ↓   mapped records ↑

ICOS catalogue REST API

native metadata schema

gas species · station · sampling period

Euro-Argo catalogue REST API

native metadata schema
float · sensor · cycle · profile depth

….. REST API

native metadata schema

…..

Map once, query everywhere:  each RI keeps its own API and metadata model; mappers translate native records into the common schema, so a single query on t he ENVRI interface reaches all 
federated catalogues.



ENVRI
Catalogue of Data (FDP)
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Architecture of ENVRI-HUB
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Training



Architecture of ENVRI-HUB
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use your own VRE or check the test VRE
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2. Essential Climate Variables 
(ECV)
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Essential climate variables
Essential Climate Variables as defined by the Global Climate Observing System; 
there are 54 focused on the atmosphere, cryosphere, oceans, anthroposphere, 
biosphere, and the hydrosphere.
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Essential climate variables

• Variables are critical for observing and monitoring a given facet 
of the Earth system.

32

Sou 1

Sou 2

Sou 3

Tier one research software



ENVRI EuroArgo RI

33



ENVRI-HUB 

•Python library for ECV data access 
• ECV notebook 
• ECV composible workflow
• LLM enhanced ECV workflow creation

34



Environmental Expert: enhance other
search systems

How do I compute 
the Surface ocean 

temperature …? 



Environmental Expert: for problem
solving

How do I compute 
the Surface ocean 

temperature …? 



3. Jupyter notebook and Virtual 
Research Environment?
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Daily environment: Jupyter, R-Studio 



Zhao, Z., Koulouzis, S., Bianchi, R., Farshidi, S., Shi, Z., Xin, R., Wang, Y., Li, N., Shi, Y., Timmermans, J., Kissling, W.D.: Notebook-as-a-VRE (NaaVRE): From 
private notebooks to a collaborative cloud virtual research environment. Softw Pract Exp. spe.3098 (2022). https://doi.org/10.1002/spe.3098.

Challenges

https://doi.org/10.1002/spe.3098


Zhao, Z., Koulouzis, S., Bianchi, R., Farshidi, S., Shi, Z., Xin, R., Wang, Y., Li, N., Shi, Y., Timmermans, J., Kissling, W.D.: Notebook-as-a-VRE (NaaVRE): From 
private notebooks to a collaborative cloud virtual research environment. Softw Pract Exp. spe.3098 (2022). https://doi.org/10.1002/spe.3098.

Research activities and Jupyter extensions

https://doi.org/10.1002/spe.3098


From notebooks to cloud workflows

Encapsulate user-
selected cells and 
containerize them as 
standardized 
reusable workflow 
components.

Containerize notebook cell

Code cell



From notebooks to cloud workflows
Run a workflow

1 32S M

1

2

32

2



From notebooks to cloud workflows
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Workflow run

Notebook cell Workflow component Workflow template

VRE assets catalogue

Workflow Results

Data storage



NaaVRE PaaS

Vi
rtu

al 
La

b

Vi
rtu

al 
La

b

Vi
rtu

al 
La

b

NaaVRE 
operator

VL developer

VL user

Vi
rtu

al 
La

b

Notebook-as-a-VRE and Virtual Labs



Steps
www.naavre.net



4. Hands on
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Hands on

•Try ENVRI-HUB and ENVRI Knowledgebase for
ECV
•https://envri-hub.envri.eu/

•Try ECV Virtual Lab
•https://naavre.net/



How to access the Virtual Lab
https://naavre.net/



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



How to access the Virtual Lab



5. Feedback
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Feedback

•https://www.menti.com
• Code: 7804 0981



THANK YOU! 
Questions? 
z.zhao@uva.nl
Zhiming.zhao@lifewatch.eu

mailto:z.zhao@uva.nl
mailto:Zhiming.zhao@lifewatch.eu
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