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Abstract 

Correct interpretation and validation of present and future space-borne imaging spectroscopy 

observations (e.g. the Copernicus operational mission Sentinel-2, the future German hyperspectral 

mission EnMAP or the planned ESA 8th Earth Explorer mission FLEX) requires a full understanding of 

the radiance signal reflected and/or emitted by vegetation at various scales. Spatial and spectral 

interpretation of visible and near infrared light, reflected and/or emitted to the space by vegetation 

canopies, can be facilitated by physical scaling field-to-airborne-to-space measurements using a 

landscape radiative transfer modelling. 

 

At the CzechGlobe institute we are currently developing a conceptual framework for estimation and 

validation of Sentinel-2 satellite products, particularly leaf chlorophyll content and leaf area index, for 

European forest ecosystems dominated by spruce (Picea abies) and beech (Fagus sylvatica) trees. The 



estimation is based on machine learning inversion of extensive forest spectral signatures, which were 

scaled from leaf up to the canopy level with the Discrete Anisotropic Radiative Transfer (DART). The 

validation of products was attempted through a multi-scale approach, where maps retrieved from high 

spatial resolution airborne imaging spectroscopy data are first verified with ground measurements and 

then compared per pixel for quantitative and spatial similarity with maps obtained from Sentinel-2 

imagery. 

 

The DART model was recently extended to simulate also emissions of solar induced chlorophyll 

fluorescence (SIF) of vegetation canopies. Although there is a general expectation that most of the SIF 

signal observed at canopy level originates from sunlit foliage, it is not the case in spatially 

heterogeneous canopies. DART capability to simulate interactions of photons with detailed three-

dimensional representation of each leaf provides an excellent virtual tool to investigate not only 

partitioning of SIF contributions originating from sun and shade adapted foliage, but also sensitivity of 

the top-of-canopy SIF on leaf size, angularity, spatial distribution and density of leaves (clumping) in 

vertical and horizontal dimensions. Such sensitivity analyses offer a unique insight in formation of SIF 

by canopy structures and allow causal understanding of the SIF signal, which will be acquired by the 

future ESA FLEX fluorescence mission. 


