Differentiating standing deadwood and clear-cuts in recent
Bavarian spruce forest disturbances
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Recent years have seen a continuing increase in tree mortality in European forests'?,
with multiple biotic and abiotic drivers exerting pressure on the ecosystem. The
response to these forest disturbance dynamics by forest managers has significant
consequences on the local forest structure, biodiversity and regrowth. Especially the
decision on how deadwood is treated after a disturbance is crucial, due to the value of
remaining deadwood concerning local biodiversity and habitats, as well as its role in
nutrient cycles and water regulation. In terms of carbon sequestration, detection and
removal of deadwood with follow-up treatment of cleared areas is common practice.
In order to assess forest dynamics beyond binary classifications of disturbed and intact
forest and to gain insights into deadwood treatment, a differentiation of standing
deadwood and clear-cut areas is required.

While several Germany-wide products on forest disturbances, condition, or vitality are
available at varying temporal and spatial resolution, a distinction between standing
deadwood and clear-cut areas following a disturbance is usually not made. An
exception are the annual maps of fractional standing deadwood since 2018 by
Schiefer et al. 20233. Although valuable in many contexts, it is unable to provide
information for discrete forest disturbance events that occur within a year.

Our work aims at filling this gap by providing a distinction between standing deadwood
and clear-cut for disturbances in Bavarian spruce forests between late 2017 and 2025.
For the disturbance dataset, we relied on a biweekly map for Bavaria at 10 m resolution
that follows the canopy cover loss detection method by Thonfeld et al. 20221. From
this dataset we extracted only the disturbances that occurred in spruce forests using
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a tree type map for the year 2017. We applied a temporal convolutional neural network
(TempCNN)* on satellite image time series to perform the classification for each
disturbance pixel. This model works by convoluting along the time dimension and
consequently learns temporal features. We relied on time series of the disturbance
index (DI) derived from all Sentinel-2 and Landsat observations in the analyzed time
frame. For each disturbance event, we extracted the index values for 6 months pre-
and post-disturbance to retrieve representative signals for the classes standing
deadwood, clear-cut and intact forest. The training data was labelled with the use of
the Bavarian digital orthophotos. We therefore only selected disturbances for which
we could retrieve orthophotos that were acquired close to the detection date.

First results in a local test region in northern Bavaria indicate good results for the
classes clear-cut and intact forest, with an F1 score of 0.97 and 0.98, respectively.
The class standing deadwood achieved a F1 score of 0.79. This is most likely due to
this class being the most ambiguous in terms of raw signal as well as signal stability
over time. We plan to expand this analysis and a thorough validation to all spruce
forests in Bavaria in order to provide differentiations for all disturbances between 2017
and 2025.
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