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MOTIVATION & OBJECTIVE

The hybrid approach, combining physically-based modelling and machine learning, is
considered a promising generalized and transferable method for the retrieval of crop
traits from hyperspectral data. However, validation of these models could not yet be
evaluated using EnMAP or PRISMA data, as ground measurements were not available
close in time to satellite overpass. Therefore, this study aims to:

» Validate the hybrid approach for various crop traits - e.g., shown here for area-based

leaf nitrogen content (leaf N - over a hyperspectral timeseries with accompanying

area)
in-situ measurements

» Compare model performances between retrievals from EnMAP and PRISMA

MATERIAL & METHODS

In-situ driven hybrid modeling scheme

1. Build training database (n = 2000) using the radiative transfer model PROSAIL-PRO
2. Use the LMU Munich-North-Isar (MNI) 23 dataset for Active Learning
» Apply dimensionality reduction (PCA: n = 20) and Gaussian noise (4%) to spectra
3. Apply optimized Gaussian Process Regression (GPR) models to 2024 EnMAP &
PRISMA time series with in-situ data for independent validation
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In-situ driven hybrid modeling scheme.

OHB 2024 validation site
Agricultural area in SW Poland e
= Sampling of 3 winter wheat (WW) &
3 summer barley (SB) fields at 3 points
each, 5x during growing season (Mar-Jul)
= Measurements of LAI, chlorophyll
content, fresh & dry biomass, leaf N,
leaf C, ...

EnMAP & PRISMA preprocessing
= AROSICS * for image co-registration
= Savitzky-Golay filter (9 neighbors)
o EnMAP:
* SWIR detector for overlap region
o PRISMA:
* Spectrally resampled to EnMAP
¢ Manual deletion of 13 bad bands (NIR region)

Poland validation site.
EnMAP RGB (1t May 2024, DLR 2024)
with sampling locations (red)

RESULTS

Validation results for leaf N, ., for ENMAP and PRISMA combined
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GPR model performance with uncertainties for leaf N,., over 4 EnMAP and 3 PRISMA scenes (l.) and corresponding time
series (r.).

» For PRISMA results are unsatisfactory particularly for low leaf N contents (red ellipse).

Validation results for leaf N, ., for ENMAP only
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GPR model performance with uncertainties for leaf N,., over 4 ENMAP scenes (1.) and corresponding time series (..

» For EnMAP the GPR model responds better although with underestimation of high leaf
N contents.

» Plausible leaf N development over the season with observed decline in senescence.

Spectral comparison of EnNMAP & PRISMA

Image metadata:

EnMAP:
Acq. Time: 10:24 UTC |
Off-nadir angle: -0.015" (center) | |
—~ { —~
— e~

Lo e

- Acg Time: 09:59 UTC |
Off-nadir angle: 5.24° (center)
o1 {
i — T =] ——

W T W% 1w % D% 100 1w S % 10 5% B 1% w0 5w o e W mw we 1w me e
Wavelength [nm]
Spectral comparison at 6 sampling points on 5™ May 2024 EnMAP (black) and PRISMA (red) match-up.

> Differences between the two sensors are fairly large and cannot be attributed to the
acquisition geometry.

CONCLUSIONS

» The hybrid GPR model shows promising results for a generalized and transferable
estimation of leaf N, ., (and other variables).

» Further model tuning and in-situ data needed to improve the retrieval performance.

» More satellite acquisitions and ground measurements needed to get a more detailed
impression about the retrieval uncertainties and temporal dynamics.
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