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Overview

• Application
• Spatio-Temporal Data Analysis
• Heterogeneous Data Sources

• Geo Engine

• Connection to Research Data Infrastructure
• NFDI4Biodiversity Research Data Commons

• Connection to Gaia-X



Demonstrator Milestones

• Cloud Deployment

• User Stories for Connecting Data Spaces
 

• Authentication and Authorization

• Automatic Data Deletion

• Data Provider via Spatio-Temporal Data Exchange Protocol

• Service Offering in a Federated Catalogue



Spatio-Temporal Data Analysis

Species Coordinates Date

Bird 48.856614, 
2.352221

10.05.1977

Cat 41.8933203, 
12.4829321

18.04.1980

Elephant 52.517037,
13.38886

21.10.2015

Example 1: 
Vector Data 
(e.g. manual recordings)

Example 2: 
Raster Data 
(e.g., images from 
satellites)



Geo Engine - Query 



NFDI4Biodiversity - Research Data Commons



Spatio-Temporal Data Exchange Layer

• Problems in data providers in research 
data 

• Lack of spatio-temporal support
• Not FAIR enough 

• Our approach: 
Intermediary spatio-temporal data 
exchange layer within Geo Engine based 
on the FAIR principles



Connection to Aruna Object Storage

1. Authentication
○ Solved through NFDI4Biodiversity SSO

2. Listing
○ Geo Engine dataset conform to Aruna dataset
○ Specific tags
○ Verify Aruna dataset format (2 objects)

3. Dataset Loading
○ Meta object: Processing information 
○ Data object: Actual data 

4. Currently no filtering option available



Connection to Time Series Database

● Accessing time series queries (e.g., pattern matching)
● Challenges:

○ Filter Pushdown (Spatial and Temporal)
○ Queries are persistent 
○ Results are changing

=> Avoid result materialization

● Choosing the correct protocol is critical 

● OGC Environmental Data Retrieval (EDR) Protocol solves most of these 
challenges:
○ Support for common spatio-temporal queries (position, area, 

cube, corridor, …)
○ Persistent identifier for queries, optional for items



1. Authentication: Solved

2. Data Listing: Solved

3. Data Loading: Some problems with file 
formats require custom solutions

4. Filtering: 
○ Cube query for spatial filtering
○ (Optional) time interval for 

temporal filtering

Environmental Data Retrieval (EDR) in Geo Engine

ChronicleDB

Time IntervalCube Query

EDR



Geo Engine and Gaia-X Federated Catalogue

• Technological Basis: 
Gaia-X compliant catalogue developed by Eclipse XFSC (Cross 
Federation Services Components)

• Geo Engine Self-Description: 
• A Service Offering in JSON-LD format
• Verifiable Credentials: Set of claims or attributes, digitally 

signed by a trusted entity
Who? What? Where? Which standard?

• Adding Data from supported dcat:DataService
• Aruna Object Storage
• OGC Environmental Data Retrieval (EDR)



• Application
• Spatio-Temporal Data Analysis
• Heterogeneous Data Sources

• Connection to Research Data Infrastructure
• Geo Engine as a Spatio-Temporal Exchange Layer
• Aruna
• OGC EDR

• Connection to Gaia-X
• Connection to a Federated Catalogue

Summary



Combining Data Spaces for ML: 
NFDI4Biodiversity and

Copernicus Data Spaces



Motivation

Space is important driver for analytics
● Huge pool of data, e.g., Sentinel missions
● Data integration issues
● Combining diverse data sources

(NFDI, Copernicus, user data)

Leveraging ML for advanced data analysis
● Define complex workflows
● Process for training and application

FAIR and easy to use
● APIs, standards, authentication
● Dashboard



Goal

1. Connection of NFDI4Biodiversity and Copernicus Data Spaces

2. Machine Learning pipeline and use cases (land classification)

Development Steps
● Extension of the Aruna Object Store connector
● Copernicus Data Space Ecosystem connector
● Machine Learning Workflows

Value Creation
● Combination of research and space data
● FAIR principles via Connectors, Workflows and APIs
● New insights using Machine Learning



Access 
S2 Data

Access & Rasterize 
LUCAS Data

Feature 
Engineering

Train 
Modell

Machine Learning Pipeline



ML Training Process

Setup
Libraries

Connection
Training Registration Application

LUCAS 
Aruna

Sentinel 
Copernicus

Preprocess
Class Labels Rasterize

3-month 
Aggregation

Remove 
Clouds

Extract 
Pixels

Create 
Dataframe

Filter 
Correlations

Train Random 
Forest



ML Application



Dashboard



ESG Indicators using
Virtual Data Trustees
across Data Spaces



Leveraging FAIR-DS

● Facilitating data sharing and interoperability
● Ensuring data privacy and security

Key Features

● Access to diverse biodiversity indicator models
● Data processing and analysis for reports
● Usage logging for participants (“billing”)

Benefits for Companies

● Use models from research to evaluate own 
property areas

Motivation

Goal: A Virtual Data TrusteeESG Reporting Gains Importance

● Regulatory Landscape (CSRD, CSDDD, EUDR, SFDR)
● Mandatory ESG reporting for 60k companies in the EU

Biodiversity as a Key ESG Factor (ESRS E4)

● Global biodiversity crisis
● Growing investor and consumer demand for sustainable 

practices
● Need for quantitative data on biodiversity impact

Challenges for Companies

● Data Availability and Quality
● Complexity of Biodiversity Assessments
● Limited budgets and expertise for biodiversity monitoring 

and analysis
● Data Protection

Bahn Use-Case

● Large land holding
● Biodiversity score for properties
● Compensation areas



Design

1. The virtual data trustee mediates between the demand side (right) and the supply side (left).
2. The trustee is responsible for the usability of the demand side.
3. Utilisation of models and data is logged in the usage log for billing purposes, among other things

Virtual Data 
Trustee

Model 
Repository

Model 
Execution

I. Model 
creation & 

terms of use ML model 
users

Usage Log

II. Model Access Access to model.
Accepts user contract.

V. C
ash

 flo
w

Context 
Repository

(e.g., Copernicus Data 
Space)

IV. Results

V. Cash flow

II. M
odel A

ccess

V. Cash flow

I. Data & 
terms of 

use

Secret Data

(Corporate User)

III. Data Access



Why this architecture?
Strategy, incentives, etc.

1. The data trustee takes on the role of an orchestrator [1].

2. For the supply side (models and accompanying information repositories), it creates value by mediating demand and 
simplifying billing.

3. On the demand side, it reduces the costs of model deployments through automation and integration of various 
models and data sources.

4. The trustee is additionally incentivised
a. To provide models of the highest possible quality [2] in order to maximize revenue.
b. Provide as many (existing) data sources and suitable models as possible in order to maximise turnover

[1] https://www.sitra.fi/en/articles/eight-lessons-from-building-data-spaces/

[2] Akerlof, George A: The Market for Lemons

https://www.sitra.fi/en/articles/eight-lessons-from-building-data-spaces/


ESG Indicator Service

Implementation (as is)













Airport

Image Vegetation-Index ESG-Indicator

Street & 
Houses

Forest

Grassland

● ESG-Indicator based on vegetation development over the year (first iteration)

● Build-up areas and streets - support no vegetation → white in vegetation-index, red in ESG-indicator
● Grasslands (agriculture) - change over time → light green in vegetation-index, light blue in ESG-indicator
● Forests - no change in vegetation → green in vegetation-index, purple in ESG-indicator



Collect Sentinel-2 data & 
aggregate to regular 
daily time-series

Create cloud-free daily 
data

Combine bands and 
calculate NDVI

Temporal aggregation to 
3 month median

Apply trained ESG model 
(ONNX)

Workflow
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