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Integrated Carbon Observation System

The ICOS network is a distributed pan-European research infrastructure that provides in
situ standardized and open data from more than 140 measurement stations across 14
European countries. The stations observe greenhouse gas concentrations in the
atmosphere as well as carbon fluxes between the atmosphere, the land surface and the
oceans. Thus, ICOS is rooted in three domains: Atmosphere, Ecosystem and Ocean.

The network of Ecosystem stations is an instrumentation setup, usually on a tower, that
measures the fluxes of greenhouse gases (GHG) concentrations and ecosystems-
atmosphere interactions. Ecosystems typically consist of different types of forests,
wetlands, croplands, grasslands, agricultural areas, heathlands, lakes or cities. All labelled
stations and station types also have the same instrumentation installed in the same way
and use the same procedures for submitting the data to the Carbon Portal and the
Thematic Centre.

The ICOS stations observations comply with the monitoring principles of the Global
Climate Observation System (GCOS) and have been developed by addressing the
Essential Climate Variables (ECVs ). ICOS provides observations of ECV anthropogenic
GHG fluxes mainly related to land use as well as biophysical parameters such as land
surface albedo, leaf area index, aboveground biomass, and soil carbon.

https://www.icos-cp.eu/

https://www.icos-cp.eu/


Project Background
Forest understory reflectance can influence
the radiometric signal from the upper forest
canopy layer to the atmosphere, introducing
potential bias in the estimation of overstory
biophysical parameters and contributing to
the total energy absorption capacity of a
forest. Currently, the understory is often
treated as an unknown quantity in carbon
models due to the difficulties in measuring it
properly and consistently across larger scales.

→ Tracking of understory reflectance and its dynamics with multi-angle Earth
observation data, validated against in situ measurements over a set of ICOS forest
ecosystem sites

Can ICOS forest ecosystem sites serve as a suitable validation data set with

respect to their footprint and the pixel resolution of EO products?

✓ Most of ICOS forest ecosystem sites are representative and suitable for validation of
EO products across different scales once having identified how to properly scale and
compare the in-situ ground-based measurements with satellite measurements.

✓ The ICOS network, included among the Land Product Validation Supersites under the
Committee on Earth Observation Satellites (CEOS) Working Group on Calibration and
Validation (WGCV) Land Product Validation (LPV) subgroup, can be effectively used for
the validation of new satellite-based data products

→ the remote sensing could be the technology
to provide consistent data in this area.

CEOS land validation sites



WP-2650: Feasibility study on ICOS match-up database for S2/S3 land products validation

Objectives:

✓ To enhance our ability to validate satellite data in terms of spatial and temporal coverage by using the ICOS terrestrial

ecosystem sites as network for validation of EO products.

✓ To generate a match-up dataset of Sentinel-2 and Sentinel-3 products over ICOS ecosystem sites for the validation of

bio‐geophysical products against the chosen reference measurements

Main tasks (Jan – Feb):

✓ Strategy and methodology definition for the reference data generation

✓ Assessment of existing cloud-based data services to select the best infrastructure solution

✓ Prototype development and first results

Jan 
2023

Apr 
2023

Analysis of the infrastructure solution
Strategy and methodology definition 

Prototype

Jun 
2023

First delivery and presentation of 
the main results

Oct 
2023

Final delivery
Input to reports, presentation to WS, 
outreach material 



Data and System Requirements

o ICOS dataset constantly updated – matchup dataset to be 

generated on demand

o High computing performances to manage massive amount 

of EO data archive – time series

o Direct Access to Sentinel-2 and Sentinel-3 products – high 

temporal and spatial coverage over Europe

o Outcomes of analysis on Bio-geophysical variables 

measured at ICOS stations that can be of interest for Cal 

Val activities 



Cloud-based Data Services: Analysed Solutions

Terrascope (VITO) Belgian platform that provides free and 
open data with an excellent back-end IT to manage massive 
amount of data accessing an efficient application layer
Belgian Collaborative Ground Segment

Earth Console (Progressive Systems) cloud-based platform 
comprising a set of support services to facilitate Earth 
Observation data exploitation and directly access CREODIAS 
data archive.

Jupyter Notebook prototype:

1. Satellites data extraction in a defined spatial and 
temporal window (match-up with ICOS measurements) –
Rasterio and Proj python libraries

2. Access to the ICOS data portal to extract the dataset –
ICOS Carbon Portal python library



ICOS4CalVal - Terrascope Prototype (I)

• Locations of all ICOS sites 
retrieved and displayed on 
an interactive map 

• Name, geographical 
coordinates and site type 
information 

https://www.icos-cp.eu/observations/station-network

https://www.icos-cp.eu/observations/station-network


ICOS4CalVal - Terrascope Prototype (II)

• Selection of ICOS site

• Definition of AoI around 
the ICOS site

• Selection of satellite 
dataset of imagery 
acquired over the AoI



ICOS4CalVal - Terrascope Prototype (II)



ICOS4CalVal – Earth Console/CREODIAS Prototype (I)

Interactive map to select spatial and temporal parameters to be given as input to the CREODIAS finder 

StartDate='2020-02-04’  
EndDate='2023-02-03’

169  products 



ICOS4CalVal – Earth Console/CREODIAS Prototype (I)

Interactive map to select spatial and temporal parameters to be given in input to the CREODIAS finder 

StartDate='2020-02-04’  
EndDate='2023-02-03’

169  products 



o Efficient tool to easily access satellites data by means of a user-friendly tool interfacing a performing cloud 

platform with direct access to the data archive

→ Similar solution to be implemented for Sentinel-3 products
→ Finalize the analysis of infrastructure solution in terms of performances, cost associated and spatial/temporal data 

coverage 

o Definition of a good strategy to access the ICOS data

→ Finalization of a set of Bio-geophysical variables measured at ICOS stations that can be of interest for Cal Val 
activities  - close cooperation with ICOS thematic center

→ Interactive tool instead of a fixed dataset will give the possibility to easily update the required dataset according to 
any  possible new requirement coming from the community

→ Statistical metrics to quantify the agreement of the two datasets in terms of temporal and spatial consistency

→ Delivery of tutorial material associated to the Notebooks and outreach activities 

Conclusions and Way Forward
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Thank you!
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