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Forests and climate change



Climate change and forests: impacts (short term)

• CO2 fertilization

• Higher temperature
(inc. growth rate)

• Nitrogen mineralization

• Longer growing season

• Size/severity of forest fires, 
wind damage, floods

• Rate/severity/range of native 
insect and disease impacts

• Invasive species

Increased productivity Increased disturbance



Mediterranean pine forest Norway spruce
Pinus pinea Picea abies
P. pinaster
P. alepensis

Vulnerable forest environments



Vulnerable forest environments

Mediterranean pine forest Norway spruce
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Remote sensing to support vulnerable forest health monitoring

• Sentinel-2

• Google Earth Engine

• 3I3D Algorithm



The coming of Google Earth Engine

• a cloud platform offering planetary-scale analysis capabilities
• a multi-petabyte catalog of satellite imagery and geospatial datasets
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Logged forests in 2016



Results
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Reference dataset

• Mediterranean pine forests ~ 1000 ha

• Photointerpretation of damaged in
• 2020

• 2021



2019
Reference

2020
Reference

undamaged damaged undamaged damaged

Prediction
undamaged TN 20984 FN 1286 22270

Prediction
undamaged TN 742 FN 890 1632

damaged FP 1331 TP 2563 3894 damaged FP 4402 TP 20130 24532

22315 3849 5144 21020

Matthews Correlation Coefficient (𝑀𝐶𝐶) =
𝑇𝑃 × 𝑇𝑁 − 𝐹𝑃 × 𝐹𝑁

𝑇𝑃 + 𝐹𝑁 × 𝑇𝑃 + 𝐹𝑃 × 𝑇𝑁 + 𝐹𝑁 × 𝑇𝑁 + 𝐹𝑃

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝐹𝑃 + 𝑇𝑁 + 𝐹𝑁

Results

OA = 90% OA = 80%



Results



Summer 2022 Europe’s hottest on record



Conclusion and Next

• Growing trend in disturbed areas over the years

• Exhaustive reference data to provide statistically rigorous estimates
• More accurate areas
• Discriminate origin of the disorder
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