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Global
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Agriculture under pressure




Global challenges and local impacts: Agriculture under ’)
pressure )

* 50% of our land is used for agriculture

* 25% of the world's land is at risk of biodiversity loss and is
severely degraded (FAO).

@ Cropland
@ Pasture usor S e

...........

* Climate change is affecting crop yield and increasing
prices due to instability

* |n 2022 the population has grown to over 8 billion, up to
60% more food needed in 2050

Sustainable intensification: Produce more with less
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Technology contribution

Geo-information from Remote sensing (RS) can contribute to global challenges (SDG), quantify within-field crop status
variability to support site-specific management. Digital diagnostic tools are needed to implement precision farming
and sustainable agricultural practices. They can be used for the optimization of fertilization distribution, maintaining
yield and quality while reducing environmental and climate impact
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Research framework: added value of hyperspectral data

Hyperspectral RS (HRS) systems represents new opportunity for quantitative crop traits monitoring. Continuous
detailed spectral measurements allows detection of subtle structural and biochemical crop features, such as nitrogen
content
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Study objective

Quantitative estimation of crop traits to assess crop nutritional status by testing i) different architecture of neural
networks performance and ii) diverse training source impact

PRISMA Model training Map generation

Neural Networks \[-\ Data source
Fully connected \-j\ i‘ \, 1010

o 10I0

Convolutional Ground Satellite Synthetic
Neural Network

Transformer
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Why Crop biophysical parameters use @

Biomass Crop model

LAI

\ 4

CCC Indirect estimate Nitrogen
[Li et al. (2024)] Plant o
Nitrogen Nutritional Index
Direct estimate content P N,[\l! 2008
[Verrelst et al. (2021)] [Lemaire et al. ( )]
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Data and
study area

Crop biophysical parameters
and spectra



Multi-Crop and Multi-Year PRISMA dataset

e Farm: Bonifiche Ferraresi
 The largest farmin Italy (3.850 ha)

* Jolanda di Savoia, Ferrara (ITA)

* Multiple Projects (2018-Ongoing)
« PRISCAV (ASI — 2019 ongoing) and HYPERNETS
(ESA - 2023 - ongoing) test site
« CHIME-RCS (ESA - 2018-2021), HINUTRI (ESA -
2020-2022) and EO4NUTRI (ESA -2023-on-going)

* Multiple crop sampled

 Wheat, Rice, Maize, Soybean, Alfalfa, Barley, ... LAl  CCC CNC
47 47 47

91 91 91

More details on the data set at Poster Candiani et al. 30 30 30

Session: C.03.03 Wednesday, Jun 25, 2025

LIVING PLANET SYMPOSIUM 23-27 JUNE 2025 VIENNA, AUSTRIA



PRISMA images over the years
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Spectra and crop traits pairs

/—Training

Satellite

~

Multi-crop and Multi-year
(2020-2021) dataset:

e LAI104 samples

e CCC 104 samples

* CNC 104 samples

\_ /

Training
f 1010
1010
Synthetic

~

50000 spectra generated
with PROSAIL-PRO based on
crop parameters covariates

1

Hybrid model

\_ /

TralnlngA\

Grou nd

Wheat dataset collected in
Arborea (OR, 2022) and
Torrazza Coste (PV, 2024)
with a hand-held

* LAI383 samples

spectrometer:

e CCC179samples
\ CNC 83 samples

%, Validation (2021-2022): LAl 64; CCC 64; CNC 64 %, Test (2023-2024): LAl 108; CCC 98; CNC 72

LIVING PLANET SYMPOSIUM 23-27 JUNE 2025 VIENNA, AUSTRIA



Neural ‘
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Models architecture ‘




o
Neural networks architectures :El"

PRISMA-like spectra .
P Block 1 Architectures

Fully connected (FC) Convolutional neural Transformer
Block 1 network (CNN)
Variable
Num. layers: 1-5 * Num. layers: 1-5 Num. layers: 1-5

* Num. neurons: 64-512 e Num. filters: 16-64 *  Num. heads: 2-8
* Dropout: 0-0.7  Kernelsize: 3-7 * Emb. dim: 32-512
* Batch norm:yes/no * Dropout: 0-0.7 * Dropout: 0-0.7
Block 2 * Batch norm:yes/no
Fully connected
Biophysical parameters % Validation (2021 -2022) LA 64, CcCC 64, CNC 64

LIVING PLANET SYMPOSIUM 23-27 JUNE 2025 VIENNA, AUSTRIA



Results

Models performance
comparison




Predictions of biopars

LAI

Multi-crop

Wheat

R?2:0.722 o
NRMSE: 14.85%

NRMSE: 14.24%

R*2: 0.651 o
NRMSE: 17.27%

R2:0.651
nRMSE: 17.27%

Multi-crop Wheat
31 R"2:0.731 RA2: 0.693
NRMSE: 14.85%/% ® NRMSE: 16.11%/ o
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R2:0.778
nNRMSE: 12.14%

R2:0.672
NRMSE: 13.97%

10 4

CNC

Multi-crop

Wheat

R?2:0.703
NRMSE: 16,149
)

R2:0.703
nRMSE: 16.14%

R*2:0.577
nRMSE: 18.3’»% .

R?:0.577
nRMSE: 18.3%

R"2: 0.717
nRMSE: 16.65%

R"2: 0.598
NRMSE: 18.94%

%, Test (2023-2024): LAl 108; CCC 98; CNC 72

maize
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Prediction distribution over PRISMA tiles

Distribution of wheat field biophysical parameters estimated from different models.
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Mapping
Estimation of 2023 and
2024 wheat fields

——
“\4



Mapping demonstration wheat 2023

| T. aestivum T. durum | 04/03/2023 07/04/2023 24/05/2023

Clay (%)
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Mapping demonstration wheat 2024

07/04/2024 12/05/2024 10/06/2024

T. aestivum

Clay (%)
50
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Conclusion and
future works




Conclusion
:}. Overall, biophysical parameter maps generated by neural networks are a reliable and
PY scalable means of providing up-to-date geospatial information.

% PRISMA-based models produced robust predictions for LAl and CNC.

[ ] Ground-trained models performed reasonably well, although slightly less accurately than
w satellite or hybrid approaches. Scale issue from ground to satellite have to be further
investigate

Hybrid models achieved the highest accuracy when estimating CCC.

| These tools can facilitate the implementation of precision fertilisation and support more
sustainable and efficient crop management practices.
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Future work

&

Improve the synthetic
data generation with
biological constrains

Working towards
sensor agnostic model

@

Test exportability in new
environments

Exploit time series of
satellite data
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HYPERCROP station

A prototype of robotic system for automatic hyperspectral data acquisition

Friday 27 13:00-14:30
Session: C.06.02 Advances in Calibration and Product Validation for Optical Sensors.

HYPERCROP HYPSTAR ESA - HYPERNET project
Poster: Crema et al. Poster: Morris et al.
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Thank you
for your attention
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