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CUPA4SOIL - Project Introduction

High-resolution soil property service development for National and European soil carbon
reporting

DLR and ISRIC partnered for the 2-years project (2023 — 2024)
Funded by FPCUP - Framework Partnership Agreement on Copernicus User Uptake
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Objectives:

= Prepare a potential Copernicus downstream service to support national and European agencies for reporting on
soil health/quality.

= Generate European-wide example data products characterising soil health/quality

= Develop a user community that tests and validates data products

= Close cooperation with the ESA WorldSoils project activities

= Cooperation with other EU soil related projects and initiatives (e.g. EJP SOIL, Soil Mission, ...)
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CUP4SOIL - First achievements

* European-wide EO data products and soil maps (20 m pixel size):
= Soil property maps (e.g. soil organic carbon, soil texture) and

= |Information about soil and vegetation dynamics including quality
indicators

* Documents (User requirement document, key soil product
description, scientific and grey publications, ...)

* Finished User Survey (83 institutions, companies, NGO’s)

* Meetings + Workshops:

= 07.12.2024 (online) — Virtual meeting for discussing and consolidating
User Requirements

= 07.03.2024 - First soil information products are presented, user
requirements will be updated (session during the ESA Symposium on EO
for Soil Protection and Restoration)

= Q4/2024 - Final project workshop to assess key user feedback,
recommendations and future directions
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CUP4SOIL - Online User Survey

23 questions, sent out to people across Europe on soils and EO (Oct 2023 — Feb 2024)
* 54 /83 users are missing soil related information at the Copernicus service

Spatial patterns are useful but quantitative correct values with confidence intervals are more important
Majority needs information for monitoring yearly, but if not possible less often is still useful.

Purposes are MRV, monitoring, CAP

Spatial resolution winner is 10-20 m pixel size, but coarser pixel sizes are still useful

Simple properties Derived properties
Soil organic carbon/
matter 1st

1st

Soil water holding
capacity

2nd Texture (clay, silt, sand) 2nd Erosion rate/risk

3rd Bulk density

3rd

Soil compaction

4th Soil Acidity (pH)

4th

Soil sealing/land take

5th

Available Phosphorus 5th Soil biodiversity

6th Electrical Conductivity

6th Salinity

Heavy metals
(concentration) 7th
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7th

Soil contamination

8th
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CUP4SOIL - EO and soil data products

e Temporal compositing using Sentinel-2  Digital soil mapping
— Covariates:
Input data SCMaP Compositing Training Data
i o o ECMaP .outplIJ)tEsM .
. oo " LUGAS opernicus ( , LG,
Cloud Masks rEme Cloudand | | Averaele | S Geology (JRC),
l Bare surface IEFEE? Statistics Sent| ne I_l
detection L.
European Predictive
Threshold 1 model
Database M .
odel:
MEAN + STD Mean + STD .
Bare surface reflectance 4 qua nt'le ra ndom forest
ESA WorldCover reflectance composite composite
L — Soil Map Application
: ) Outputs:
Bare surface Valid pixel . . . . .
pixel count count Dlgltal Soil Pr'ma ry SO|| prOpertIeS
- Mapping Uncertainty index
Bare surface Bare surface
frequency mask SCMaP
Output
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CUP4SOIL - Soil composite information
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Soil reflectance composite Soil frequency
(Sentinel-2, 2018 — 2022, Mean, RGB — B4/B3/B2) (Sentinel-2, 2018 — 2022)
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CUP4SOIL - Soil composite information (champagne - France)
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Soil reflectance composite
(Sentinel-2, 2018 — 2022, Mean, RGB — B4/B3/B2)
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Google Satellite
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CUPA4SOIL - Soil composite information (champagne - France)
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CUP4SOIL — Cross validation

* DEM, land cover, etc. (Copernicus layers)

* Geology/parent material (JRC)
* Simple radar products from Sentinell

* DEM, land cover, etc. (Copernicus layers)
* Geology/parent material (JRC)

Simple radar products from Sentinell
* SCMaP: Mean reflectance composite (MEAN)
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DEM, land cover, etc. (Copernicus layers)
Geology/parent material (JRC)
Simple radar products from Sentinell

SCMaP: Mosaic of MEAN and soil reflectance

composite (SRC)

SOC pH (water) Bulk density (oven dry)
0.33 . 226 0.6445 . . 0.4975] . .
0.321 72.0A 0.6440 ) 0.4950 0.2571
0.7811
0.311 7151 0.6435 0.49251
0.2561
0.301 71.0 0.64301 0,780 0.4900+
0.291 70.5 . 064251 0.48751 0.2551
0.281 . 70.0 . 064201 0.7791 . 0.4850 ] . .
1 2 2 3 2 3 1 2 1 2 1 2
MEC* RMSE** MEC RMSE MEC RMSE

*MEC - model efficiency coefficient, equivalent to R?
** RMSE - Root Mean Squared Error

PROGRAMME OF THE

EUROPEAN UNION Opernicus

Europe's eyes on Earth

\\“ European
Implemented by ‘;_J Environment
7 Agency

ep
EX]
33
a5
§
E



O

CUP4SOIL — Summary and future directions

Summary:

 DLR and ISRIC partnered to suggest new soil related products for the CLMS

* User requirement study done including literature and project review, user requirement survey (online)

* SCMaP intermediate products integrated into digital soil model

- soil parameter with new quality generated

* Test about the best choice of covariates — direct spectral covariates could improve the modelling

Future developments:

* Data will be published and made available free and open

* Preparing the webserver
e Pixel-based uncertainty

e External validation (show-cases)
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uta.heiden@dlr.de; pablo.angelo@dlr.de

Laura.Poggio@isric.org

fenny.vanegmond@®@isric.org
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