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A Seasonal Decomposition-Based Approach to Harmonize 
Copernicus Land Monitoring Service (CLMS) Vegetation Products

Conclusion:
Our pilot study demonstrates that a method based on a seasonal decomposition approach can be effective in harmonizing the Copernicus Land Monitoring Service vegetation 
products. We found that the bias-corrected FAPAR and LAI products meets the GCOS stability requirements when MODIS MCD15A2H is chosen as the reference dataset. Additionally, 
the anomaly computation yields promising results when comparing the datasets before and after the bias correction. Building on these promising results, further research is needed 
to fully validate the methodology and its potential applications. 

This research highlights the importance of data harmonization in supporting the development of climate services. By enhancing the consistency and accuracy of CLMS vegetation 
products, we can strengthen the value chain of climate services and enable more accurate climate modeling and forecasting, ultimately supporting informed decision-making. 
Furthermore, the approach has the potential to be applied to other EO datasets, which could lead to significant improvements in the quality and reliability of climate products.
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Introduction
Changes in satellites can compromise the stability of remote sensing data. This issue is particularly relevant for the case of CLMS vegetation
products, which are derived from a sequence of three different sensors onboard different satellites. The introduction of new data generation
often leads to discontinuities in the data series due to differences in sensor characteristics, posing a significant challenge for ensuring data
stability and potentially rendering the data unsuitable for climate studies, such as trend and anomaly detection [1, 2, 3, 4].
Methodology
In this study a method for bias correction has been developed based on seasonal decomposition. This approach involves applying corrections
exclusively to the seasonal component of the dataset, thereby preserving the physical characteristics of the observations, which are captured in
the trend and residual components. Specifically, our goal is to correct the Spot-Vegetation and PROBA-V eras with respect to the Sentinel-3 era,
taken as reference, to ensure consistency across the different generations.
Validation
The validation of the bias correction method is conducted as a comprehensive temporal stability assessment, performed in accordance with the
guidelines established by the Global Climate Observing System (GCOS) [5], using MODIS MCD15A2H [6] as the reference product.
Results
A pilot study case is presented, focusing on the validation of two key biophysical variables: the Fraction of Absorbed Photosynthetic Active
Radiation (FAPAR) and the Leaf Area Index (LAI).

Validation
Stability is calculated as the trend of the bias between CLMS and MODIS products, over the 2003-2022 time window, and is expressed as a percentage per decade. The figures report the average trend per 
month (y-axis) and over different geographic extensions (x-axis), respectively, including the global scale (1st column) and various land classes (as defined within the IPCC land cover map). The left plate 
reports the stability for FAPAR, while the right plate reports the results for LAI. 
Figures denoted with (a) show the results before bias correction, while Figures denoted with (b) show the results after bias correction.
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Climatological application
As a first climatological application, the bias-corrected CLMS data were used to calculate the anomaly distribution of FAPAR and LAI over the 1999-2024 period. A climatology 
reference base spanning 1999-2020 was used for this purpose. This exercise was repeated for both the original and bias-corrected datasets, enabling a comparison of the 
results before and after the bias correction. 
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CLMS-LAI Original data
Significant trends

CLMS-LAI Bias corrected
Significant trends above GCOS requirement (6%)
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Significant trends
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Significant trends above GCOS requirement (3%)
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