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+ Crop rotations can have multiple positive
effects. Diverse and well-considered cropping
sequences including crops with complementing
functions can improve soil fertility, control pests
and nutrients, and support biodiversity and
agricultural resilience.

« Agricultural intensification leads to decreased
crop diversity in narrower and simpler crop
rotations, often focusing on a few profitable crops.

+ Therefore, information on crop rotations is
essential for addressing environmental and
agricultural policy issues.

+ Satellite remote sensing facilitates the
monitoring of agricultural dynamics across
regions.

Mapping Time Series of Crop Types

* Sentinel-2 data for March to October 2017 —
2024: pre-processed, resampled to 10 m at 5-day
intervals, temporally gap-filled, smoothed using
Savitzky-Golay; calculation of 4 spectral indices

+ Sentinel-1 Ground Range Detected (GRD) data
from 2017 — 2024: pre-processed, calculation of
backscatter values for VV and VH polarization,
resampled to 10-meter grid

+ Monthly statistics per pixel for all bands and
indices - 216 optical and 72 SAR features

« Features and Integrated Administration and
Control System (IACS) data from six federal states
of Germany used as input for random forest (RF)
classifier

« Spatial and temporal filtering of RF outputs:

- group-wise spatial sieve filters to eliminate
smaller misclassified patches
« temporal consistency rules to assign
misclassifications in single years to the majority
class of permanent classes

region-specific knowledge-based rules for

refining the special cultures classes

+ Overall F1-score 0.79 - 0.83 for all years

— High-resolution crop type maps for Germany
covering the years 2017 to 2024, classifying
18 crop types or groups (Fig. 1)

Analysis of Crop Rotation Patterns

Crop diversity in space and time

Temporal frequencies of individual annual main
crop types (e.g. maize in Fig. 2)

Identification of monocropping areas (Fig. 3)
Quantification of proportions of crop type
groups with similar functionality aspects such as
seasonality (Fig. 4), leaf type (Fig. 5), nitrogen
fixation, etc.

Temporal patterns of crop-specific occurrence and
trends, and trends in crop rotation length

Conclusion & Outlook

First results highlight e.g. regions in north-western
Germany characterized by monocropping, or the
productive Borde regions in central Germany with
high shares of winter crops and leaf crops in the
rotation.

This novel dataset and analyses provide detailed
insights into crop rotation at a national scale. They
are a basis for further leading analyses, e.g. on
impacts of rotation on ecosystem services and
landscape diversity. The results provide information
for supporting agricultural and land-scape planning
and can contribute to policy monitoring and
implementation.
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Fig. 1: Annual maps of 18 crop type:
intensively used Ochsenfurter Gau in the zoom window.
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Fig. 2: Frequency of annual maize cultivations per pixel i the years
2017 - 2014. Blank areas are either never cultivated with maize,
covered by permanent crops or grassland, or are no agricultural
areas.

Share of spring crops
in spring and winter
crop sequence

Fig. 4: Proportion of spring crops in spring and winter crop sequence
2017 - 2024. Winter crops comprise winter cereals and rapeseed),
while spring crops comprise spring cereals, maize, and all other leaf
crops. Pinkish colors display areas with high shares of spring crops,

while blue colors highlight areas with more winter crops in the
sequence.
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in Germany for the years 2017 ~ 2024 at 10 m spatial resolution. Detailed view of 2024 classification of the

Fig. 3: Distribution of monocultures observed between 2017 and
2024. A monoculture is defined here as a minimum of 7 years of
cultivation of a unique annual main crop during the study period. Grey
areas are other annual cropping areas.

Number of years
with leaf crops

Fig. 5: Proportion of leaf crops in the crop sequence 2017  2024.
Leaf crops comprise rapeseed, sugar beet, potatoes, and
beansflupinsipeas classes, while cereal crops comprise all winter and
summer cereals as well as maize.
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