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Integrated Carbon Observation System  https://www.icos-cp.eu/

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.

|ICOS Ecosystem stations network
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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.

- the remote sensing could be the technology
to provide consistent data in this area.
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CEOS land validation sites

Emergont Layor

Biogeoscicnces, I1X, 621635, 2021
hutpsctidonoeg/10.5 194/bg- 18-621-2021

© Asthoe(s) 2021, Thes work is distributed under
the Creative Commons Altnbution 4.0 License.

Retrieval and validation of forest background reflectivity from daily
Moderate Resolution Imaging Spectroradiometer (MODIS)
bidirectional reflectance distribution function (BRDF) data across
European forests

Jan Pisek’, Angela Erb’, Lauri Korhooen®, Tobias Biermann®, Arnaud Carrara’, Edoardo Cremoncse”,
Matthias Cantz’, Silvano Fares®, Giacomo Geresa®, Thomas Grisnwald'?, Niklas Hase'', Michal Heliase®,
Andreas Ibhrom'?, Alexander Knobl'', Johannes Kobler'!, Bart Kruijt'®, Holger Lange'®, Leena Leppiinen'”,
Jean-Mare Limousin'®, Francisco Ramon Lopez Serrano'”, Denis Loustau™, Petr Luked?’, Lars Lundin®™,
Riccardo Marzooli’, Meclis Malder®, Leonardo Montagnani™'"', Johan Neirynck™, Matthias Peichl™,
Corinna Rebmann'', Eva Rubio'?, Margarida Santos-Reis™, Crystal Schaaf®, Marius Schmidt®’,

Guillaame Simioni™, Kamel Soudani™, and Caroline Vincke™

- 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?

v" 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.

v" 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



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

Objectives:

v' 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.

v' 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

Analysis of the infrastructure solution Prototype

First delivery and presentation of
Strategy and methodology definition

the main results

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

— Jan Apr Jun
| I
2023 2023 2023

Main tasks (Jan — Feb):

v' Strategy and methodology definition for the reference data generation

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

v" Prototype development and first results



Data and System Requirements

ICOS dataset constantly updated — matchup dataset to be
generated on demand

High computing performances to manage massive amount
of EO data archive — time series

Direct Access to Sentinel-2 and Sentinel-3 products — high
temporal and spatial coverage over Europe

Outcomes of analysis on Bio-geophysical variables
measured at ICOS stations that can be of interest for Cal
Val activities

Variable Protocol applied
2dSUreg with a ragiometer instalis
Phenology Under implementation using the Star-Dot camera and the same routine
applied in the Phenocam network in all the Class1 stations.
Under evaluation the possibility to install also below canopy cameras in
forest for the understory phenology.
Data collected every half hour.
Land Surface Currently under discussion for the implementation, ICOS is evaluating
Temperature Infrared thermometers and alsc Thermal Cameras to be mounted on

the tower.

Type of sensor, protocol, calibration plan to be defined

Volumetric Soil Water
Content

Between 2 and 5 vertical profiles of temperature and soil water content
sensors are installed, with at least 5 depths and up to 1m depth.

Data collected every 60 seconds.

Leaves nutrients

If of interest, chemical elements content of leaves is measured between
1 and 3 times per year through 30 samples collected from the most
representative species.

Elements include Ca, Cu, Fe, Mg, Mn, C, N, P, K and Zn, in addition to the
LMA ration




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

TERRA
SCOPE

L

This dashboard will be refreshed at the start of

Sentinel-2 data coverage

Map

hover over a tile to see the number of data takes in the archive; click a tile to show the acquisition dates on the right

© 2023 Mapbox © OpenStreetMap

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.

Datasets Products Instrument Locally Held
Lic Full archive
MSI - Orderable */**
L2A - Cached ***
L1SLSTR SLSTR
L10OLCI OLCl
L1SRAL SRAL Full archive
L2 SLSTR (LST/WST) SLSTR
L2 OLCI OLCI
L2 SRAL SRAL

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

Sentinel-2 time series over |ICOS station Network

The goal of this notebook is to extract Sentinel-2 match-ups over the Integrated Carbon Observation System {ICO5) stations (https:/wwow icos-cp.eu/] with the purpose of implementing a tool that uses
the |COS forest ecosystem sites to validate the main key terrestrial ECVs from remote sensing satellites. The mismatch between the measurements acquired from satellite and ground-based platform due to
the spatial and temporal heterogeneity of surfaces and the different spatial and temporal sampling shall be managed in a second step of the analysis by quantifying the agreement of the twao datasets in
terms of temporal and spatial consistency.

Within this example we will use the location of the 1CO5 sites for calculating Sentinel-2 time series, To start, the location of all ICO5 sites will be retrieved and displayed on the map together with
geagraphical coordinates, The notebook will calculate the time series of imagery acquired over the selected site with a given radius that defines the region to be analised.

Collecting ICOS sites

1COS provides the list of the stations through a web interface (https:/fwww.icos-cp.eu/observations/station-network) where to export all information in a CSV file, By parsing this file we can extract the
geagraphical infarmation for each station, The resulting list of 1COS sites will be displayed an a map for further discovery.

Overview of ICOS sites

After fetching the location of each [CO5S site, we show them on the map. For this we are using the ipyisafist library (https:/fipyleaflet.readthedocs.io/en/latest/index.html) to create a map and a clustered
view of all sites, A tooltip is added to each marker, showing the main information of the site.
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https://www.icos-cp.eu/observations/station-network

ICOS4CalVal - Terrascope Prototype (I)

Rol definition and Terrascope time series dataset selection

Abigko-Siordaien Pelis Bog A
Arca & Now - Lo Prigonetts
Auchencorth Mons I

Aurade

Barin-Rochenburgstranse

Bics

Biy Kriz forest

Bergo Cofh 0
Bosco Fertars .

el : e Selection of ICOS site

Castelporzanal 10
Col du Lautaret 100
Dsvos 200

Dagero 500 | TERRASCOPE_S2_FAPAR V2

o o | o rcomnn * Definition of Aol around

nhe
Oor 5000 TERRASCOPE_S2_LAIV2
ESTOC

i v s [ the ICOS site

Select ICOS siter ~ Col du Lautarst V| Select site offsat (m): O V| Select dataset: TERRASCOPE_S2_FAPAR V2

Cilcvate

Petching Col ou Lautaret site information for TERRASCOPE S2 PR V2 with an offset of @ m
Aetrieved information successfully

o » Selection of satellite
Tl & ’ ' dataset of imagery
acquired over the Aol

| Dyaatiet | Vap G0 (0 OoenSiesn. tag conermuans




ICOS4CalVal - Terrascope Pr

Rol definition and Terrascope time series dataset selection

| Abigko-Sioedaien Pass Bog A

| Col du Lautaret v

Petching Col ou Lavtaret site information for TERRASCOPE_S2_PAsa V2 with an offset of @ m
Retrieved information successfully
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ICOS4CalVal — Earth Console/CREODIAS Prototype (1)

Overview of ICOS sites

Select ICOS site: | Col du Lautaret v Select site offset (m): | 1000 v

After fetching the location of each ICOS site, we show them on the map. For this we are using the ipyleaflst library (hitps.lipyleaflet readthedocs.io
lendlate = himl) to create a map and a clustered view of all sites. A tooltip is added to each marker, showing the main information of the site. Select
In [3]: markers = 1ist() £ 7 7 7
for site in sites: Collecting site information...done

marker = Marker(location=(site["lat'], site['len’]},

title="station: 's+site[’'name’]+'%n’+"lat: "+str(site['lat"])+"‘n’+"lon: "+str(site["lon"])+"\n’+"Si
markers.append (marker) 2 5 E e
marker_cluster = MarkerCluster(markers=markers} In [3]: display(site_map)

overview = Map(center=(45, @), zoom=2, scroll wheel_zoom=True, close_popup_on_click=False) fu Gahbier

overview.add_layer(marker_cluster) +
display(overview) b 10
£ > ~ | o3 2
96 11
+
— 2 o5 A
La Grave Y i lombe
- N . .
2 ' Villar-d'Aréne ‘i’
. N i¢
z 7 P ere
D 207 1m
- D 1091

Pir Far e | T CoanSireet e ol
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Interactive map to select spatial and temporal parameters to be given as input to the CREODIAS finder

In [1e9]: input_prod-=query_maker.productIdentifiers
input_prod

Out[182]: ['/eodatas/Sentinel-2/MSI/L2A/2628/02/84/524 MSIL2A_28286204T183221_N6214 R16S8_T31TGK_26206284T121112.SAFE", ”~
"feodata/Sentinel-2/MSI/L2A/20206/02/09/S2B_MSIL2A_ 282802089T1820859_Ne214_ R188_T21TGK_208200289T131157 .SAFE",
"feodata/Sentinel-2/MSI/L2A/2828/82/14/52A_ MSIL2A_28288214T1823121_NE214_R188_T31TGK_28288214T123837 .SAFE",
"feodata/Sentinel-2/MSI/L2A/2626/02/24,/52A MSIL2A_ 202086224T163021_Ne214_R1688_T31TGK_202008224T132853.SAFE",
"/feodata/Sentinel-2/MSI/L2A/20208/02/24/52A MSIL2A 20200224T103021 Ne2l4 R168 T31TGL_20200224T132853.5AFE’,
"/feodata/Sentinel-2/MSI/L2A/2626/03/15/52A MSIL2A_ 26286315T1e3021_Ne2l14 R1e8_T31TGL_20200315T128782.5AFE",

Sta rt Date= ! 2020_02_04’ *feodata/Sentinel-2/MST/L2A/2828/83/15/52A_MSTL2A_282808315T183821_NO214_R188_T31TGK_28288315T128782 . SAFE",
'/eodata/Sentinel-2/MST/L2A/2028/03/20/528_MSTL2A_20200320T102639_Ne214_R183_T31TGL_20200328T141657 . SAFE ",
*/eodata/Sentinel-2/MSI/L2A/20208/03/25/S2A_MSIL2A_20200325T103021_NE214_R188_T31TGL_28200325T164212.SAFE",

1 ) ‘/eodata/Sentinel-2/MSI/L2A/2020/04/04/S2A_MSIL2A_20200404T103021_NO214_R188_T31TGL_20200484T135955.SAFE",

E N d Date— 202 3-02-03 '/eodata/Sentinel-2/MSI/L2A/2020/04/04/S2A_MSIL2A_20200404T102021_NO214_R18S_T21TGK_20200484T135055.SAFE ",

"feodata/Sentinel-2/MSI/L2A/2828/84/89/S2B_MSIL2A_28288489T182559_NE214_R188_T231TGK_28288489T7148185 .SAFE ",
"feodata/Sentinel-2/MSI/L2A/2626/64,/89,/52B_MSIL2A_ 2020604689T1682559_ Ne214_R188_T31TGL_208200489T148185.SAFE",
"/feodata/Sentinel-2/MSI/L2A/2020/04/14/52A MSIL2A 20200414T103021 Ne2l4 R168 T3I1TGK 20200414T132613.5AFE”,
"/feodata/Sentinel-2/MSI/L2A/2626/04/14/52A MSIL2A_ 262606414T163021_Ne214 R1e8_T31TGL_20200414T132613.5AFE",
"feodata/Sentinel-2/MSI/L2A/2828/85/84/52A_MSIL2A_28288584T1682831_NE214_R188_T321TGL_28288584T141833.SAFE",

169 products "feodata/Sentinel-2/MSI/L2A/2626/65,/84,/52A MSIL2A_ 28200564T163831_Ne214_R168_T31TGK_20200584T141833.SAFE",
"/feodata/Sentinel-2/MSI/L2A/2020/05/09/528B_MSIL2A 202008589T102559 Ne2l4 R168 T31TGL_20200589T135855.5AFE”,
"/feodata/Sentinel-2/MSI/L2A/2626/05/19/52B_MSIL2A_ 286286519T182559_Ne214_ R1e8_T31TGL_20200519T158634.SAFE”, (]



ICOS4CalVal — Earth Console/CREODIAS Prototype (1)

Overview of ICOS sites | |

Select ICOS site: ' Col du Lautaret v Select site offset (m): | 1000

After fetching the local
fenfistestlindex hir) o Sentinel-2 over ICOS site Col du Lautaret

In [3]: 1 markers = list
2 for site in si +
3 marker = M

5 markers.ap #
& marker_cluster + —|—
Z overview = Map 1 | -'Eq._ I

9 overview.add_1
1g display(overvi
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"/feodata/Sentinel-2/MSI/ L2A/2929/BS/BQ!SZB:HSILZA:ZBZBBSBQT192559:N9214:R198:T31TG L:29299599T135955 .SAFE",
"/feodata/Sentinel-2/MSI/L2A/2626/05/19/52B_MSIL2A_ 286286519T182559_Ne214_ R1e8_T31TGL_20200519T158634.SAFE”, N



Conclusions and Way Forward

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
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