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Description and relevance

The Spanish SOCMap case study developed a
methodology to estimate Soil Organic Carbon (SOC)
using georeferenced soil samples, Earth Observation
(EO) data, and Machine Learning algorithms. It aimed to
provide Managing Authorities with a practical, cost-
effective method to evaluate interventions promoting
carbon sequestration within the CAP Strategic Plan.

Traditional soil sampling campaigns are accurate but
expensive and time demanding; SOCMap addressed
this by combining EO data from Sentinel-2 satellites with
ancillary datasets such as topography, climate, and land
use.

Implemented by ITACyL, the case produced a prototype
SOC map for Spain, demonstrating how remote sensing
and modelling techniques can complement field data and
support CAP monitoring. The initiative showcased the
value of open data and cloud computing for carbon
accounting, aligned with EU goals on climate change
mitigation and sustainable soil management, and offering
a replicable model for other Member States.
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The case study applied several complementary tools and datasets to estimate SOC across Spain:

® A georeferenced soil sample database, integrating data from various regional and national institutions and
farmers’ organisations, provided the foundation for model calibration and validation.

® These samples were combined with Sentinel-2 imagery from the Copernicus Data Space Ecosystem
(CDSE), allowing retrieval and processing of bare-soil reflectance composites. Additional auxiliary data,
including topography, climate, and land-use layers, were incorporated to strengthen prediction accuracy.

® SOC estimations were produced through Machine Learning models (Random Forest, Cubist, and Partial
Least Squares Regression) trained and validated using cross-validation.

® The workflow relied on open-source GIS and cloud platforms, such as QGIS and the OpenEO API,

ensuring reproducibility, scalability, and full transparency.

Together, these tools formed an affordable methodology that can be easily adapted by public administrations for

CAP-related monitoring.
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@ Results and practical innovations

The pilot successfully generated national-scale SOC maps with quantified uncertainty. Combining spectral,
topographic, climatic and land-use predictors improved accuracy compared to models based on limited
sampling. Testing multiple algorithms enabled identification of optimal configurations, while new bare-soil
reflectance composites enhanced consistency across time and space.

The process demonstrated that open data and software could produce reliable outputs with limited licensing
costs and dependence on proprietary solutions. Practical innovations included modular workflows,
systematic cross-validation, and the incorporation of uncertainty maps to communicate model reliability.

These advances strengthened confidence in remote sensing-based soil assessments. The methodology proved
both feasible and operationally sound, demonstrating that digital, open-source approaches can support evidence-
based CAP evaluation and inspire methodological harmonisation across the EU.

@ Benefits, limitations, and risks

Key benefits of SOCMap were scalability,
affordability, and replicability. By using open data
and, to the possible extend free software, the
methodology reduced monitoring costs and supported
data-driven evaluation of carbon farming practices.
Once models were trained, outputs could be updated
quickly, offering a flexible tool for continuous CAP
monitoring. Open-source tools also made the
system accessible for public institutions, promoting
transparency and collaboration.

However, limitations included uneven sample
coverage, noise from residual vegetation, and the
limited interpretability of complex models.

Risks involved misuse of outputs without proper
understanding of uncertainty or applying models
outside their training domain.

The study also noted the importance of

multidisciplinary expertise in GIS, EO, and sall
science to ensure sound implementation. Despite
these challenges, SOCMap proved invaluable for
establishing baselines, guiding soil-management
strategies and strengthening evidence-based
policymaking within CAP.

: Recommendations

The European Union should invest in harmonising
soil sample datasets, expanding field sampling, and
establishing technical standards for SOC mapping.
Common data formats, quality protocols, and
interoperable  geodatabases  would  enhance
comparability and ensure reliable monitoring.
Training staff in GIS remote sensing and data
management will promote institutional uptake and
long-term sustainability. Integrating SOCMap results
into CAP monitoring frameworks and linking them
with EU initiatives such as the Soil Observatory
would enhance consistency and transparency.

Further research should explore radar and thermal
sensors to reduce cloud interference, as well as
hybrid models combining physical and statistical
approaches to enhance accuracy. SOCMap
demonstrates how digital innovation and open data
can make carbon monitoring both feasible and
policy-relevant, fostering harmonised approaches
across Member States.
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