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Introduction – Pastures role in Alpine ecosystems

Pastures are important for European Alpine ecosystems, but they facing

mounting pressures from climate change, rural depopulation and unbalanced

grazing practices, whether overgrazing or undergrazing.

Overgrazing – Soil degradation and biodiversity loss Undergrazing – shrub encroachment



Introduction –Adaptive grazing

To balance grazing pressure and pasture productivity farmers need timely and 

spatially explicit information about forage quantity and nutritional quality



Introduction – Remote Sensing (RS)

1. Optical RS has been widely used to retrieve Leaf Area Index (LAI) and Above

Ground Biomass (AGB) [forage quantity]

2. However, current operational multispectral sensors face some challenges in 

the estimation of nitrogen and fibers content [forage nutritional quality]

To overcome this limitation, researchers have successfully explored hyperspectral

data from field and airborne sensors



Introduction – Hyperspectral Remote Sensing (RS)

In the last years many hyperspectral satellite missions have been launched (e.g., 

ASI-PRISMA, DLR-EnMAP, NASA-EMIT), and more are up-coming (e.g., ESA-

CHIME, NASA-SBG).



Aims of this study

1. Assess the capability of hyperspectral sensors to retrieve key agronomic

variables* of alpine semi-natural pastures using field spectroscopy

2. Develop machine learning retrival models and compare retrieval accuracy

of hyperspectral or multispectral data 

3. Demonstrate the calibrated models on a real PRISMA hyperspectral scene

4. Evaluate the maps with respect to grazing management and environmental

heterogeneity

*LAI, AGB, Dry Matter (DM) [quantity] - Crude Protein (CP), Nitrogen (N), Acid and Neutral Detergent Fibers (ADF, 

NDF) [quality]



Scheme of the integrated workflow



Study areas

1. Torgnon (Aosta, Italy), characterized by rich pastures and rotational grazing 

practices

2. Breno (Brescia, Italy), characterized by semi-natural pastures managed

extensively



Sampling design

• Four field campaigns (different phenology): 4th July, 1st and 20th August, and 15th

September 2024

• Agronomic and spectral data collected for 128 observations



Agronomic data collection

Field:

• LAI (LAI 2200C) and AGB

Lab:

• CP, ADF, NDF, Ashes (Aurora - NIRS)

• Nitrogen and Carbon (CN1500 - N)



Spectral data - collection

ASD FieldSpec 4 PRO Hi-Res (350 – 2500 nm)

Five spectra per each plot --> average



Spectral data - processing

Field spectra were convoluted to match Sentinel-2 and PRISMA spectral

configurations



ML models – Calibration and validation

5-fold cross-validated

PRISMA-Like S2-Like

PCA

Gaussian Process Regression

(GPR)

9 PCs

15 PCs
9 Bands



PRISMA acquisition

PRISMA scene captured over Val d'Aosta study area on 4 July 2024, and processed

following De Luca et al., 2024. proposed methodology



Results – Exploratory Data Analysis (EDA)



Agronomic

Variable

Sentinel-2-like PRISMA-like (9 PCs) PRISMA-like (15 PCs)

R2
cv RMSEcv R2

cv RMSEcv R2
cv RMSEcv

LAI (m2 m-2) 0.45 1.44 0.65 1.32 0.79 1.22

AGB (g m-2) 0.47 246.57 0.67 225.79 0.81 190.71

DM (%) 0.43 5.85 0.68 5.30 0.73 4.51

CP (%) 0.31 1.99 0.55 1.87 0.57 1.69

ADF (%) 0.39 2.00 0.65 1.71 0.72 1.55

NDF (%) 0.39 3.03 0.62 2.66 0.65 2.38

Results – Multispectral vs. Hyperspectral configurations



Results – Model demonstrations

Agronomic

Variable

Metrics

R2
cv RMSEcv

LAI (m2 m-2) 0.71 0.89

AGB (g m-2) 0.67 178.71

DM (%) 0.65 2.70

CP (%) 0.58 0.52

ADF (%) 0.45 2.42

NDF (%) 0.50 0.61



Results – Net energy index mapping



Conclusions

1. Alpine pastures quantity and quality were accurately mapped using

spaceborne hyperspectral satellite data

2. Spaceborne hyperspectral sensors provide a major leap in accuracy over 

multispectral data

3. The resulting maps reveal spatial patterns in pasture quality associated with 

grazing, species composition and topography

4. Next-generation hyperspectral missions (e.g., CHIME) have the potential to 

support adaptive grazing management



What's next?

1. Continue with field data collection

2. Acquire and work on different hyperspectral RS data (i.e., PRISMA, EnMAP, 

EMIT, Lemu-Nge) for multi-temporal monitoring

3. Compare different ML models (e.g., GPR, PLSR, BTR)

4. Explore hybrid approaches (i.e., RTMs)
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Thank you!
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