
Introduction: Canopy nitrogen is a key indicator of forest function, yet it is often estimated indirectly through

chlorophyll content, which represents only a small fraction of total leaf nitrogen. This study leverages PROSPECT-PRO

and INFORM RTMs with EnMAP hyperspectral data and GPR to directly map forest canopy nitrogen via leaf protein

content.
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The main idea involves:

(1) RTMs PROSPECT-PRO and INFORM to produce training data for ML modeling.

(2) Dimensional reduction (DR) to overcome band collinearity and data redundancy.

(3) Active Learning (AL) and Gaussian process regression (GPR) for optimization

based on in situ data.

The procedure started with 50 samples and continued until 1000

iterations to select the most meaningful samples out of the full data pool.

Optimal results were obtained after adding 40 samples, resulting in 90

samples (RMSE: 1.02 g/m2; R2: 0.46) for the Forest CNC AL-EBD.

Methods

Results 

Our hybrid modeling framework successfully retrieved forest canopy

nitrogen content from EnMAP data by integrating RTM simulations,

Gaussian Process Regression, and Active Learning (AL). Starting with 50

initial samples, the AL process iteratively selected the most informative

data points, reaching optimal performance after 40 additional samples

(total: 90). Among the three AL strategies tested—ABD, EBD, and RS—the

EBD-based model achieved the best results, with an RMSE of 1.02 g/m²

and an R² of 0.46, demonstrating the efficiency of selective sampling in

improving model accuracy with limited ground data.

Conclusion/Summary
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1. AL performance

1. Campaign data

EnMAP HSI (09.26.2023)

Basic 

statistics

N 

(g/cm2)

LMA 

(g/cm2)

Anth 

(µg/cm²)

Cab 

(µg/cm²)

LAI 

(m2/m2)

Min 

value 
0.00014 0.0050 0.14 16.0 1.78

Max 

value
0.0002 0.0166 0.83 52.8 2.84

Statistics of in situ samples
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2. Mapping & uncertainty of Forest CNC

Apply the trained GPR model pixel-by-pixel to EnMAP hyperspectral

imagery. Uncertainty Mapping: Generate uncertainty maps to assess the

reliability of the nitrogen content estimates.
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