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Overview of the presentation

Small introduction of the SOBA4ES project (Soil Mission, Horizon Europe)
Intro: on the importance of soil biodiversity and study aim

Data and tools

Modeling approach

Al-driven insights
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1. SOBAES: Project Partners

©
® 9 g
LI
e ®
@
: @
@

UniversidagaVigo
INRAZ -N_P

IDIVAS
/ %)\ UNIVERSITA

= ;31 degli STUDI
@ 174/ di CATANIA
(>

Harper Adams [
University

R T i
1l i
- University of Ljubljana

Q airfield estate A&

_—
m  SLU
UNIVERSITEIT




1. SOB4ES: Key methodologies

inhabiting communities

» Relationships between soil biodiversity
data and existing soil functional
indicators supporting ecosystem services

Comprehensive view of the composition,
functions, and dynamics of the network of soil-

Calculation of the cost and benefits associated
with different management scenarios to enhance
soil biodiversity and its contribution to ecosystem

services '
Q I

Multi-actor approach to ensure scientific and
practical knowledge transfer between the
“knowledge producers” and the “knowledge
users” in an interactive way




2. On the importance of soil biodiversity: study aim

* Soil biodiversity (SOB) is crucial for healthy ecosystems and services, but we need to better
understand its connection to the broader landscape.
* underpins essential ecosystem services like nutrient cycling, water regulation & C sequestration

* enhances soil structure, improves nutrient availability for plants, and aids in pest and disease control,
contributing to food security and environmental protection

e Our Aim: To link field-scale soil biodiversity (specifically nematodes) with landscape-scale
environmental data using Earth Observation (EO) technologies.
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3. Data and tools (l)

1. This study was conducted before the SOB4ES data was released using other open data.

nature

nature > articles > article

Soil Nematodes — a diverse and representative group
of the soil food web, present in all ecosystems and

Article | Published: 24 July 2019 play a crucial role in nutrient cycling.
Soil nematode abundance and functional group

composition at a global scale

They are the world’s most abundant animal;

Johan van den Hoogen &9, Stefan Geisen, Devin Routh, Howard Ferris, Walter Traunspurger, David A. For eaCh h uman they are a bout 60 b| I I ion DID
Wardle, Ron G. M. de Goede, Byron J. Adams, Wasim Ahmad, Walter S. Andriuzzi, Richard D. Bardgett, . ! ) . 1 YOU 9
Nematodes in Earth’s topsoil. KNOW

Michael Bonkowski, Raquel Campos-Herrera, Juvenil E. Cares, Tancredi Caruso, Larissa de Brito

Caixeta, Xiaoyun Chen, Sofia R. Costa, Rachel Creamer, José Mauro da Cunha Castro, Marie Dam,

Djibril Djigal, Miguel Escuer, Bryan S. Griffiths, ... Thomas Ward Crowther &8  + Show authors

Nature 572, 194-198 (2019) | Cite this article

For our aim we used the data provided in the Nature publication which spans the entire world.

1 Selected only European data points
2 Calculated trophic and functional diversity
3 Calculated nematode metabolic footprint as proxies for functional processes in soil




3. Data and tools (ll)

Fig 1. Map of the open data points (ca. 1800
points) for nematodes included in this study

Mean mass (ug) Mean daily respiration rate (ug)

2 0.02
18]
=
€3 0.01
0.00

o oo o
4"}‘2’ 40& 40& & ° » &
& §F & & o = y & & o
& @ &) & 2
& & NP & & P S

Mean daily production rate (uqg) Mean daily carbon budget (ug)

0.03
0.004
o 0.02
E
£ 0.002 0.01
0.00

) ] ] & & ) ] & )
ée, 0@, 0@ &e, & 53’ o@' Q@ &e, &
PROSIPRN & - > PUSIPRN & - >
& (\°> & & P & (\0} & & &
& & ¥ &< S A
Trophic Group

0.4
@V
=
g 02
0.0
2 3 o % &
& & &
& & & &S
& & & &S
PR
Q?o & & <

Trophic Group
Fig 2. Reference metabolic footprints
per trophic group




3. Data and tools (llI)

Weighted mean mass (ug) Weighted mean daily respiration rate (ug) weighted mean daily production rate (ug)
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Fig 4. Calculated metabolic footprint and relevant

Fig 3. Trophic group proportion across all samples
indicators across all samples (to be estimated from EO)

(relative abundance to be estimated from EO)




3. Data and tools (1V)

* Vegetation and Productivity Indices: MODIS-derived NDVI, EVI, and heterogeneity
metrics (e.g., Shannon, Simpson), along with GPP/NPP estimates for capturing
vegetation dynamics and productivity.

» Spectral Reflectance (MODIS Nadir Bands): Reflectance values across 7 MODIS
spectral bands (1-7), offering surface reflectance insights for vegetation, soil, and
land cover classification.

* Topographic and Terrain Attributes: Elevation, slope, hillshade, northness, and
eas;cjn?.ss derived from DEMs, essential for hydrological and geomorphological
modeling.

* Climate and Radiation Variables: Precipitation, temperature seasonality, and solar
radiation indicators, capturing long-term climate variability. Main noveItK: Included
SoiOIITemp data which covers 11 soil bioclimatic variables (SBIO) at 2 depths: 0—-5 cm
and 5-15 cm.

 Soil Properties, Anthropogenic Pressure, and Land Use: Soil health descriptors (e.g.,
bulk density, CEC, pH, texture), bedrock depth, land use proxies (CORINE, population
density, Human Development %), and modeled horizon probabilities.




3. Data and tools (V)

= IGlobal Change Biology

RESEARCH ARTICLE & OpenAccess @ (B &

Global maps of soil temperature

@ Correction(s) for this article ~

Jonas J. Lembrechts i, Johan van den Hoogen, Juha Aalto, Michael B. Ashcroft, Pieter De Frenne,
Julia Kemppinen, Martin Kopecky, Miska Luoto, llya M. D. Maclean ... See all authors ~

First published: 29 December 2021 | https://doi.org/10.1111/gcb.16060 | Citations: 92

Jonas ). Lembrechts and Johan van den Hoogen should be considered joint first author.
Ivan Nijs and Jonathan Lenoir should be considered joint senior author.

Main noveItK: Included
SoilTemp data which covers 11 soil bioclimatic variables (SBIO) at 2 depths: 0—-5 cm
and 5-15 cm.




4. Modeling approach

* Used Random Forest and XGBoost regressors

* Nested 5-fold cross validation; outer loop for validation inner for optimizing
the hyperameters (more robust than single split)

* Investigated the role of a-priori feature selection to enhance model
interpretability and efficiency.

* Both models provide feature importance scores which can be used to identify
which feature contribute the most.




5. Results: Al-driven insights
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Fig 5. Examples of Pearson’s correlation between input features and
output variables (abundances and carbon budget); note that SBIO
variables are featured prominently.
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5. Results: Al-driven insights
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Fig 6. Mean R? across the five testing folds for predicting abundance (absolute and relative) per
trophic group from the Earth Observation data; without (blue) and with (orange) the SoilTemp data.




5. Results: Al-driven insights
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Fig 7. Mean R? across the five testing folds for predicting metabolic footprint and relevant indicators
from the Earth Observation data; without (blue) and with (orange) the SoilTemp data.




6. Conclusions and outlook

* The best Al-models attained an R? of ca. 0.85 in the training set and a mean R?
of ca. 0.40 in the out-of-fold validation sets.

* The study provides initial insights into a scalable and replicable framework for
upscaling our understanding of soil biodiversity and its links to ecosystem
state and services, offering valuable guidance for policymakers and land
managers across Europe. SoilTemp (SBIO) variables proved valuable in
improving the accuracy; albeit more work steps are needed.

* Future work includes expanding the dataset using SOB4ES by incorporating
additional sampling points from across the European continent and applying
the developed methodological framework to this enriched dataset.

* Another research direction involves leveraging other Copernicus Earth
Observation data, including new products like HRL VLCC.




Get in touch and connect! Thank you!
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http://www.sob4es.eu/
https://www.linkedin.com/showcase/96819028/admin/feed/posts/
https://twitter.com/sob4es
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