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Basic Idea

As part of the KIMoDIs project, the goal is to assess the

agricultural effects on groundwater levels. For that purpose,

proxies based on satellite data, such as plant phenology or

crop types on a parcel level, shall be determined and used

within an inverse analysis framework. Both Bayesian

inference and feature attribution techniques involving

physics and data driven models ask for the data of millions

of parcels from multiple years – as precise as possible!

Spherical Voronoi based Grid-Overlay for the Sentinel-2

Tiling Scheme for Consistent Atmospheric Correction

The Copernicus Sentinel-2 constellation delivers both top

(L1C) and bottom of atmosphere data (L2A). E.g. plant

phenology assessments based on the NDVI often ask for

L2A data as to the corresponding atmospheric correction.

However, the Sentinel-2 archive is organized in a fixed set of

tiles showing an overlap of roughly 10km in between. The

way of loading L2A data from storage, or how that overlap is

handled, has a tremendous effect on the quality of the

atmospheric correction in the vicinity of the tile seams. As

illustrated in Fig. 1 and Fig. 2, both terrain and cloud

shadows can lead to shadows not considered for analysis.

Within a previous work [1] a grid-overlay solving these

issues has been found. It relies on the best midline within

the overlap and has been computed using spherical Voronoi

polygons.

For the sake of computational costs in regard of small parcel

queries such as for the EuroCrops dataset [2], we defined a

set of lumped approaches to assign a parcel to a respective

tile as discussed in Fig. 3. As a consequence, no merging is

needed for a single parcel and the dataset can be processed

per tile which is favorable in a cached reading sense. We

highly recommend to use the approach based on the point of

inaccessibility of a polygon.

Pixelwise Weighting for Precise Spectral Representation

By considering each individual pixel of a Sentinel-2 tile as a

separate polygon by itself, a weight has been assigned to

each respective pixel value, as shown in Fig. 4. Doing so,

quantities like the mean, standard deviation and a set of

quantiles have been computed both for the intersection

based weighting and for equally weighted pixels.

As a result, we found a considerable difference in the

spectral distributions of a parcel between the two scenarios.

The smaller (and actually less circular) the polygon, the

more severe the effect as depicted in Fig. 5. Especially for

phenological assessments, yield predictions or crop

classification tasks that may lead to erroneous results – both

for physics based and data driven approaches.

Future Work and Dissemination of EnrichedEuroCrops

It is planned to publish the resulting dataset in an analysis

ready form on a PostgreSQL database and a corresponding

cloud storage. For the sake of accessibility, we will provide

the data by files as well, such that potential users may set up

their own database and cloud infrastructure.

In the future, we will use the dataset for phenologic studies

on a field parcel level. Further, we want to assess the

severity of the effect regarding the spectral representation

for intersection based or equally weighted pixels in regard of

crop classification, yield prediction or similar tasks.
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Rugged Terrain Issues

Figure 1: Visualization of the rugged terrain issues regarding atmospheric correction schemes: if a high object is too close to the tile seam, its shadow is not considered by atmospheric correction schemes, hence, lost for

analysis. One example of unintended behavior of the Copernicus Browser from the Copernicus Data Space Ecosystem is shown to the right. Contains modified Copernicus Sentinel data (2024).

Cloud Shadow Issues
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Lumped Tile Assignment: Data is loaded from a single tile 

based on a predefined assignment. No merging necessary!

• Assign by Area of Intersection:

Intersection 1 < Intersection 2 ➔ Load from 2!

• Assign by Centroid:

Centroid in 1 ➔ Load from 1!

• Assign by Point of Inaccessibility (PoI):

PoI in 2 ➔ Load from 2!

Figure 2: Visualization of the cloud shadow issues regarding atmospheric correction schemes: if a cloud is too close to the tile seam, its shadow is missed or barely considered by atmospheric correction schemes, hence, lost

for analysis. One example of unintended behavior of the Copernicus Browser from the Copernicus Data Space Ecosystem is shown to the right. Contains modified Copernicus Sentinel data (2024).

Figure 4: The pixelwise weighting procedure relies on the idea to consider each individual pixel of an

acquisition as a separate polygon weighted by the intersected area with the parcel of interest. Regarding

the distribution of the pixels, hence, computed quantities such as the mean, median or other, that may lead

to tremendous differences. For example, the median NDVI of a field parcel could be significantly

underestimated by approaches assuming equal pixel weighting.

Figure 5: The temporal mean pixelwise weighted median benefit is larger the smaller the area of the queried

parcel. The effect is severely exponential and shown in a linearized form by taking the logarithm of both the

x- and the y-axis. Please note that the benefit is significantly larger within the summer months and if cloudy

acquisitions are filtered out.

Figure 3: Conceptualization of the lumped approach for the tile assignment based on the Voronoi-Consistent Sentinel-2 Tiling Scheme Grid-Overlay ensuring consistent atmospheric correction. Doing so, no merging of partial

parcel data from multiple tiles is necessary while the principles of the Voronoi-consistent grid-overlay are not violated almost surely. Particularly, the lumped approach is designed for rather small query areas such as for the

EuroCrops dataset [2]. To the right, there is an example shown for the Brandenburg parcels from EuroCrops highlighting the assigned tiles by different colors.
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