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Methods

Introduction

Soil organic carbon (SOC), a key component of soll
organic matter (SOM), is critical for agricultural
productivity and environmental sustainability’. As
agriculture faces mounting pressure to produce more
food, adapt to climate change, and reduce
environmental impact, there is growing demand for
scalable methods to monittor SOC.
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SOC contatns biochemical constituents with distinct
spectral signatures, within the optical range.
Hyperspectral imaging captures continuous
reflectance across this range and has shown strong
performance for SOC prediction®. However,
hyperspectral satellite data remains limited in
coverage and frequency.
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Multispectral sensors are widely used for SOC
estimation?® due to their accessibility but offer lower
spectral resolution. Superspectral sensors such as the
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upcoming Landsat Next, with 21 optical bands, may
offer a practical balance between spectral detail and
operational feasibility.

Thts study evaluates whether superspectral data
provides sufficient spectral fidelity for accurate SOC
prediction. >21k lab-based hyperspectral reflectance
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evaluated using the
coefficient of determination
(R?), root mean squared error
(RMSE), and ratio of
performance to deviation
(RPD).

accuracy across all sensors. While preprocessing impacted absolute
prediction performance, it did not change the relative ranking of sensors.
Despite small accuracy differences, the computational time varied
substantially: ENMAP required longer processing due to higher
dimensionality, while L-Next remained computationally efficient
with strong predictive performance.
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SOC prediction performance across sensors? _ ” -
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3 ) Which spectral regions contribute most to SOC ILmportance of each spectral band for SOC prediction. All +ENMAP S 43 COnCl.U SLON
prediction, and how does this vary by spectral sensors consistently identified ’Fwo reglons: 4QO-SOOnm — 20 % ;.
resolution? and ;100—2300nm, correspohdtng to absorption frc‘)m' = 2,1 r 1 Predictions improve with spectral resolution, with
glcj)r;\/lzc7s8ubstances and organic functional groups within > 15 g superspectral achieving R? 0.82 on raw data.
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= e ; Spectral preprocessing affects accuracy consistently
While the same spectral regions were important across ~ —1091* . e I . across sensors, with MSC performing best.
Refe rences sensors, the distribution of SHAP values reflected & I Superspectral offers a balance of accuracy and
spectral resolution. Lower resolution sensors >3 computational efficiency (R? 0.96, 0.715s).
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concentrated importance into fewer bands, while EnMAP
distributed importance across multiple adjacent
wavelengths, particularly in the short-wave infrared.

3 All sensors identified the same key regions (400-
500nm; 2100-2300nm), indicating stable spectral
sensttivity to SOC across all resolutions.
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