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intensity:
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→ Analyse of pixel volume scattering

Total  intensity

→ Detecting vegetation density and moisture

Detection Of The Green Attack Stage Of Bark Beetle 
Infestation Using Sentinel-1 Time Series
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Climate change increasingly threatens forest health by intensifying drought 
stress and promoting pest outbreaks such as bark beetle infestations. 
Detection in the early stages of the infestation, the so-called green 
attack stage - when the trees are already infested but still appear 
healthy and green - is crucial in order to remove the trees and thus prevent 
further spread and the swarming of a new generation. Optical remote 
sensing is limited by frequent cloud cover and the late appearance of visible 
symptoms like crown discoloration. In infested spruce, reduced chlorophyll 
and water content can be detected via SAR backscatter [1][2][3].
 Therefore this study explores following questions using radar data:
▪ Is there a distinct correlation between Sentinel-1 t ime series and 

bark beetle infestation in spruce forests?
▪ Can an ongoing or even future bark beetle infestation before it is visible in 

optical remote sensing data be predicted?
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Deadwood polygons of each change year as 
dynamic labels across the whole time series
→ Change year: time of deadwood recording

Kennaugh time 
series is divided 
into 5 epochs, 

each aligned with 
the respective 

deadwood 
recording periods

Multi-Looking

Orthorectification
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Decomposition of the Sentinel-1 into Kennaugh-Elements
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▪ Sentinel-1 time series April 2020 – June 2023
▪ Topographic Wetness Index (TWI)
▪ Soil classes

▪ Reference Data

Seasonal trends in K0 for both healthy 
forests and deadwood areas, reflecting the 
natural vegetation growth cycle. After tree 
death, this seasonal dynamic diminishes, 
and the slope of the linear regression 
typically approaches zero.

Feature Importance

Dead
Dying right now
Likely to die in 1 year
Likely to die in 2 years
Healthy

Transfer Area in NRW

RMSE per vitality class

• Deadwood Database of the Bavarian 
Forest National Park [4]

• WMS Layer on the loss of vitality from 
the state of North Rhine-Westphalia [5]
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The Sentinel-1-based regression  approach  enables early detection  of  vulnerable 
forest  stands , potentially as early as the green-attack stage, and provides temporal forecasts on forest 
resilience to external stressors. The robustness of the method is underlined by the regional  transfer , 
which also shows the strong predictive power of the K0 element, as it was the only feature used there.
Key Messages:
▪ K 0 effectively captures both moisture content and vegetation density: high K0 values indicate intact 

forest conditions, while lower values capture early warning signals linked to stress
▪ K 1  adds information on structural changes within the canopy
▪ TWI and the soil  classes provide valuable ecological context to the model’s predictions
▪ Vitality classes can be predicted with a temporal  delay of even less then half a year in some cases
▪ The class “likely to die in 1 year” is predicted with a temporal accuracy of less than 109 days
 → This allows for early, targeted intervention before bark beetle populations can expand and spread

Spruce trees show 
increasing stress 
(yellow) and finally 
die (orange & red). 
Signs of recovery 
become visible in 
the last epoch.

Epoch 3
July 2021 – June 2022

Deadwood since

▪ Study Area in the Bavarian Forest National Park
▪ Transfer Area in North Rhine-Westphalia (NRW)
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RF Regression: Epoch 4

K0

K1

K5

TWI

K8

Soil

SHAP value (impact on model output)

RF RegressionDynamic Deadwood Labels
Final Prediction
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 + Feature Importance

Kennaughs + TWI + soil classes
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