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n Biodiversity is increasingly under threat due to a range of human-driven processes, including climate change,

deforestation, land use change, and habitat degradation [1]. We developed a framework to prioritize nature

conservation zones in forests under current and future climate conditions. Here, we apply the framework to the

federal state of North Rhine-Westphalia (NRW) in Germany to showcase the potential of data fusion and AI tools

for nature conservation purposes.
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Geospatial 
data 

(2016-2024) 

Vegetation

- Tree species,

- Tree cover density,

- Canopy height, 

- Forest type, 

- Distance to forest
  edges

Land cover

- LULC
  (Ecosystem Atlas
  Germany), 

- Distance to roads,
  urban settlements,
  water bodies, 

- Protected areas in
  Germany

Climate

- Agroclimatic
  indicators (e.g.,
  biological effective
  degree days, wet
  days, summer
  days, frost days
  etc.)

- Bioclimatic indicators 
  (CHELSA)

Topography

- Slope, 

- Aspect,

- Elevation

Soil

- Organic carbon
  density,

- Soil moisture
  index,

- Clay content, 

- Percentage of
  sand in the soil, 

- etc.

Satellite data

- Sentinel-2 & 
  Landsat: 
  NDVI, EVI, NDWI,
  NDRE1, CCI, 

- Sentinel-1: 
  RVI, VH, VV,
  Gray-level co-
  occurrence matrix,
  Standard deviation,
  Entropy 
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Fig. 3 Mean ecological niche of Anthus trivialis and Dryocopus martius from 2016-2024. Fig. 4 Preliminary CAPTAIN prediction results in North Rhine-Westphalia (Germany). 

Fig. 1 Study area for the first CAPTAIN analysis.
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Fig. 2 CAPTAIN AI model workflow (figure © Silvestro et al. 2022) [2]. 

Development of a robust framework to prioritise nature conservation zones 

Modelling of the most valuable forest areas in NRW based on ecological niche models of birds and the AI CAPTAIN model

Transferability to other regions possible

Support for environmental planning institutions and nature conservation agencies

Preliminary results indicate that only a few valuable forest areas are located in Natura 2000 areasO
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Mean ecological niche 
(2016-2024) of the black 
woodpecker
(Dryocopus martius)

Mean ecological niche 
(2016-2024) of the tree pipit
(Anthus trivialis)

Ecological niches across all years
(2016-2024), 0 = low, 1 = high
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