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Abstract

Spectral indicators derived from Earth Observation (EO) data are widely used for crop health mon-
itoring, vegetation condition assessment, and deforestation detection. However, these indicators are not
only driven by biophysical vegetation properties but are also strongly influenced by solar illumination
geometry, sensor viewing characteristics, and canopy structure. In many operational EO workflows, the
impact of sun—sensor geometry on spectral measurements remains insufficiently quantified, increasing
the risk of misinterpreting illumination-driven effects as vegetation stress or land-cover change. The
objective of this study is to systematically assess how solar zenith and azimuth angles, sensor viewing
geometry, and sensor-specific characteristics influence spectral band measurements and derived vegetation
indices. The work aims to improve understanding of sensor-related measurement variability and to iden-
tify conditions under which commonly used spectral indicators become unstable or biased. The analysis
combines multispectral Sentinel-2 observations with open-access hyperspectral datasets acquired under
varying sun—sensor geometries. Reflectance values, vegetation index responses, and spectral stress indica-
tors are evaluated across different phenological stages, canopy structures, and land-cover types to quantify
geometry-induced variability. To separate illumination effects from actual physical vegetation changes,
Sentinel-1 synthetic aperture radar (SAR) structural metrics are incorporated as an independent reference
insensitive to solar illumination. This multi-sensor approach enables a physically informed interpretation
of observed spectral variations. Results reveal systematic and repeatable variations in spectral indicators
associated with changes in solar geometry, particularly over heterogeneous, vertically complex, or sparsely
vegetated canopies. These effects are shown to impact temporal consistency and can lead to false indi-
cations of vegetation stress or removal when not properly accounted for. Incorporating geometry-aware
interpretation and complementary SAR-based structural information significantly improves the robustness
of vegetation analytics and reduces misclassification in both crop monitoring and deforestation detection
scenarios. The contribution of this work lies in explicitly linking sensor physics, observation geometry,
and vegetation analytics to improve the reliability of EO-derived plant health indicators. By highlighting
the role of solar and sensor geometry in shaping spectral measurements, the study provides guidance for
the development of more robust processing pipelines and instrument-aware analytics for operational EO
services, supporting improved performance in scientific, operational, and commercial applications.



