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Validation of the Predicted SOC Trends

Key Findings

• Earth observation can support large-scale cropland
monitoring by deriving estimates on soil organic
carbon (SOC) trends over time.

• The validation of predicted changes has been lacking
due to the low availability of repeated SOC samples.

• For the first time, we provide evidence on the
accuracy of SOC trends based on soil monitoring data.

Thünen Earth Observation:
https://www.thuenen.de/theo
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Fig. 1 Overview of the SOC monitoring
sites, used for model training and
validation.

• Bare soil reflectance was derived from Landsat and
Sentinel-2 images between 1986 and 2022.

• A spatiotemporal SOC model was trained based on soil
samples from 796 monitoring sites (Fig. 1).

• Long-term SOC trends (i.e. correlation coefficients)
were derived (Fig. 4) and validated using 100 cropland
sites that have been resampled 7 times (Fig. 5).

Fig. 4 Examples (6 sites) for the measured and predicted SOC trends.

Fig. 5 (a) Comparison between the measured and predicted trends (correlation coefficients).
(b) Confusion matrix of the predictions, categorized into increasing, decreasing, and stable
SOC trends. (c) Direct validation (R2) and significance of the predicted SOC trends.

Soil Samples

Fig. 3 Predicted cropland SOC trends in Bavaria.

Fig. 2 Comparison between
the standard deviation (SD) of
the measured SOC changes
(temporal) and the prediction
uncertainty (spatial) for each
sampling period from 1986 to
2022.

Signal-to-noise Ratio 

• The signal-to-noise ratio highlights the necessity
of analyzing long time series (30+ years) to
predict significant SOC trends (Fig. 2).

• While the SOC prediction accuracy was high
(R2>0.6), the validation of the derived SOC
trends revealed a low accuracy (Fig. 5c), even
though predicted and measured values showed
similar distributions (Fig. 5a).

• Classifying the trends into increasing and
decreasing, 95% of all sites were either correctly
identified or predicted as stable (Fig. 5b).

• EO data holds potential to elevate cropland soil
monitoring (Fig. 3) but further validation is
necessary to better understand the limitations.

a)

b)

c)

d)

e)

f)

https://www.thuenen.de/theo

