
1. RESEARCH GAP
• Nitrogen deposition impacts were not considered in the 

selection of Natura 2000 areas.
• Ground-based stations are sparse, and satellite data lacks 

vertical resolution and coverage of key compounds like 
ammonia.

• Biosphere-atmosphere interactions in current models are 
oversimplified, reducing ecological accuracy.
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These challenges show the need for better tools to capture 
the complex structure and environment of forests. 
Microclimates inside the canopy are different from those 
above, creating important habitats for biodiversity. Tracking 
nitrogen in these dynamic systems is still difficult and needs 
a more integrated approach.
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2. DIGITAL-TWIN CONCEPT
• Monitoring: Satellite (Sentinel-2, Pléiades Neo) and airborne LiDAR data 

are processed to extract ecosystem traits (e.g., vegetation structure, 
species type, canopy cover).

• Modelling: LOTOS-EUROS Chemical Transport Model (CTM) estimates 
nitrogen deposition and dispersion. Species distribution models (SDMs) 
refine surface-atmosphere interactions.

• Scenario : Policy or environmental changes are tested using different 
input conditions to simulate future ecosystem responses and deposition 
impacts.

• Integration: All components are unified in a dynamic loop, enabling 
data-driven updates, scenario testing, and adaptive feedback for 
ecosystem management.

CONCLUSIONS & OUTLOOK
• High-resolution meteorology is essential to make full use of detailed 

spatial inputs from remote sensing and CTM zoom runs.
• Dynamic surface roughness can be modelled using species-specific 

phenology updated throughout the year via multispectral data.
• Validation and assimilation using in-situ sensors and eddy covariance 

(EC) towers can improve roughness estimates and model performance.
• Species Distribution Models (SDMs) enable continuous updating of 

ecosystem state variables, forming a feedback loop within the digital 
twin.

Figure 3: Comparison of default (25×25 km²) and zoomed (2×2 km²) LOTOS-EUROS 

simulations at the same time step.

• The default run smooths spatial variability, masking fine-scale 
deposition patterns critical for ecosystem assessment. 

• The zoomed run highlights the added detail needed to support local-
scale biodiversity and management decisions.

• Higher resolution requires more detailed parameterisation (e.g., 
surface roughness).

Figure 4: Tree-level LiDAR scan and vertical point cloud density profile (AHN data).

Figure 2: Conceptual workflow of a forestry Digital Twin (DT) ².
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3. INITIAL RESULTS
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Figure 1: Nitrogen in the air: emissions, distribution, chemistry & deposition ¹. • Point cloud data enables more representative estimation of surface 
roughness as an initial condition.

• By overlaying species information and using multispectral data, 
roughness can be updated dynamically according to species-specific 
phenology throughout the year.

• We propose using the  scalar distribution (SCADIS) model ³, which 
estimates 𝑧₀ and displacement height 𝑑 based on the vertical leaf 
area density (LAD) profile, even under non-neutral conditions.
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Figure 1: Forest patch LiDAR scan and vertical point cloud density profile (AHN data)..
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