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Goals

To develop, test, and implement remote sensing-based models to forecast/monitor bark-beetle outbreaks in 

spruce and fir forests at three spatial levels:

• MODIS → Slovenia (~2M ha, resolution 1 sq. km)

• Sentinel-2 → Forest management unit (~10k ha, resolution 1 ha)

• UAV (C-astral Bramor + MicaSense camera) → Forest stand (~1 ha, resolution individual tree crown)
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MODIS data to forecast the next-year sanitary felling

• Modelled target variable: yearly amount of sanitary timber felling in Slovenia due to spruce/fir bark beetles from 

2003 to 2017 (aggregated at 1 sq. km from Slovenian Forestry Service xTi database)

• Explanatory variables: previous year MODIS 16-day composites of NDVI and EVI (at 250 m resolution), 

previous year mean monthly temperature and SPI values, elevation

• Model: random forest of 100 regression trees, 0.61 correlation between the true and the modeled values
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Sentinel-2 data to monitor sanitary felling at regional level

Target variable:
• sanitary felling on a given date 

(from timber/felling database)

Explanatory variables: 
• 10 MS channels at 20 m resolution
• NDVI, EVI
• Consecutive day in year 

(→seasonal influence)

• Days between sanitary felling and 
the image acquisition

Model type:
• random forest

Sentinel-2 data preprocessing:
• Topographic & radiometric 

correction and cloud masking by 
ZRC-SAZU
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Sentinel-2 data to monitor sanitary felling at regional level

Correlation between true values of assigned sanitary felling volumes and model-based forecasts:
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Sentinel-2 data to monitor sanitary felling at regional level

Example of model-based 

identification of bark beetle-

damaged forest stands in 

Kočevska region on July 5, 2017:

• Effective resolution of the 

model-based map: 1 ha. 

• Correlation between true 

values and the model: 0.82

• Blue color indicates absence 

of Sentinel-2 data, i.e., clouds.
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Individual tree level monitoring of bark beetle damage 

using UAV + MicaSense camera

UAV: 

• C-Astral Bramor

Camera: 

• MicaSense - 3 RGB channels + 2 IR channels

• Spatial resolution: 5 to 10 cm
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Individual tree level monitoring of bark beetle damage 

using UAV + MicaSense camera

Two different random forest models were developed at a spatial level of individual trees:

• Tree crown defoliation (4 classes between no defoliation and dead tree)

• Tree crown discoloration (5 classes between no discoloration and dead tree)

Reference data: 

• 513 spruce trees of all classes described and geolocated in the field

Explanatory variables:

• MicaSense multispectral data

• NDVI, EVI

• Pixel value statistics around each tree for radius of 1 m, 2 m, 4 m, 8 m

• Consecutive day in the year to account for the seasonal effect
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Tree-level training data 

for crown discoloration

Micasanse camera

28 Avg 2018

Pokljuka

No change
Weak change
Strong change
Dead tree

Crown discoloration

Field / reference data
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Tree-level map of 

crown discoloration

Overall accuracy 

based on error matrix: 

75 %

No change
Weak change
Strong change
Dead tree

Crown discoloration

Model forecast
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Tree-level map of 

crown defoliation

Overall accuracy 

based on error matrix: 

52% 

No (<10%)
Weak (10-25%)
Medium (25-60%)
Strong (>60%)
Dead tree

Crown defoliation

Model forecast
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