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Vegetation Indices ï50 years ago

Tucker, Miller and Pearson (1973)
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Hand-held spectral
devices



Integratingspheresfor measuring
the leaf optical propertiesςR & T



Leafoptical
propertiesς
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Empiricalmethods

Leaf Thickness
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Empirical relationships: indices vs. leaf traits



Empirical relationships: indices vs. leaf traits

Ca+b

Cx+c
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Cw
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1. Robustnessof empirical relationships
Ą species/ phenology/ architecture

Main limitations of empirical models
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Red edgevs. Ca+b

Empirical relationships indices vs. leaf traits
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B1 B2

Red edgevs. Ca+b

Empirical relationships indices vs. leaf traits

Species
Phenology
Age



1. Robustnessof empirical relationships
Ą species/ phenology/ architecture
ĄRS indicesfor diseasedetection

are species- & site-specific

Main limitations of empirical models

2. Accountfor the canopystructure



Leaf Level

Canopy Level

Leaf Í Canopy







Large differences in the leaf and canopy 
optical properties



Large differences in the leaf and canopy 
optical properties



1. Robustnessof empirical relationships
Ą species/ phenology/ architecture
ĄRS indicesfor diseasedetection

are species- & site-specific

Main limitations of empirical models

2. Accountfor the canopystructure

Physically-based 
plant trait retrievals
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Plate Models

Models based on Spheric Particles

Stocastic Models
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s = scattering coefficient

k = absorption coefficient

Models N-Flux

Radiative Transfer Theory

Ray Tracing Models (Monte Carlo)

Progress on Leaf

RT Models:        

from plate models

to 3D simulations



PROSPECT
(Jacquemoud& Baret, 1990)

Separation of total chlorophylls 
from total carotenoids

PROSPECT-5
(Feretet al., 2008)

Anthocyanins, chlorophylls and 
carotenoids
PROSPECT-D

(Feretet al., 2017)

Xanthophylldynamics
Fluspect-CX

(Vilfan et al., 2018)

Leaf proteins and other carbon-
based constituents

PROSPECT-PRO
(Feret et al., 2021)

Progresson leaf RadiativeTransfer modelling



CanopyRT simulationmodels

FromSAIL to DART / SCOPE RT models



Model-retrieved 
Plant Traits

Linked leaf - canopy simulation models

Spectra

Image

Ca+b
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LAI
LIDF

Index-based 
empirical 
models



Model-retrieved 
Plant Traits

Linked leaf - canopy simulation models

Leaf Model

Spectra

Image
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Canopy Model
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Functioning

- Gs/ Transpiration
- Assimilation rates
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Mohammed et al. (2019)

SIF 
quantification:  
50 yearsof 
progress
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Solar-inducedChlorophyll
Fluorescence(SIF)

Ą ~2% of the total incomingradiation
Ą Linkedto photosynthesis
ĄHigh spectralresolutionrequired
ĄEarlyindicatorof stress

SIF



Fraunhofer lines
dark features (absorption lines) in the optical 
spectrum of the Sun



Fraunhofer lines

Fluorescence 
emission region

Fluorescence emission



Model-retrieved 
Plant Traits

Plant traits quantification using Radiative Transfer models

Leaf Model

Spectra

Image
CWSI

Ca+b

Cx+c

Anth

Cw

Cm

SIF
Vcmax

LAI
LIDF

Canopy Model

Photosynthetic 
pigments

Water & dry 
matter content

Fluorescence & 
photosynthesis

Structural 
traits

Canopy temp. & 
transpiration



1. Non site-specificalgorithms
2. Robustacrossspecies
3. Measurable
4. Physiologicalmeaning

Main advantages of quantifying plant 

traits



Fluorescenceemission

Biotic / 
abiotic 
stress 

detection




