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INTRODUCTION

»Canopy spectral invariant phenomenon

O Leaf albedo spectra and two wavelength independent parameters, recollision
and escape probabilities, fully determine the spectral response of a vegetation
canopy with non-reflecting background to incident solar radiation

» Physics

Q Although the scattering and absorption processes are different at different
wavelengths, the interaction probabilities for photons in vegetation media are
determined by the structure of the canopy rather than photon frequency or the
optics of the canopy (Huang et al., Canopy spectral invariants for remote
sensing and model applications,” Remote Sens. Environ., 106, pp. 106-122,

2007).
» Mathematics

Q property of the exact solution of the radiative transfer equation (Knyazikhin et
al., Canopy spectral invariants: a new concept in remote sensing of vegetation,
International Conference on Mathematics, Computational Methods & Reactor
Physics (M&C 2009), Saratoga Springs, New York, May 3-7, 2009, on CD-
ROM, American Nuclear Society, LaGrange Park, 1L 2009 ).
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SITES AND DATA USED
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SPECTRAL INVARIANT PHENOMENON: REFLECTANCE

Bartlett Forest, NH: A dense patch
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SPECTRAL INVARIANT PHENOMENON: REFLECTANCE
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SPECTRAL INVARIANT PHENOMENON: ABSORPTION

Flakaliden, Sweden: A Norway Spruce Stand
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RECOLLISION PROBABILITY AND LEAF AREA INDEX

Bartlett Forest, NH
Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003
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has the potential to discriminate between broadleaf and
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RECOLLISION PROBABILITY AND LEAF AREA INDEX

Bartlett Forest, NH

Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003
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RECOLLISION PROBABILITY AND LEAF AREA INDEX

Bartlett Forest, NH

Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003
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RECOLLISION PROBABILITY AND LEAF AREA INDEX

Bartlett Forest, NH

Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003
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RECOLLISION PROBABILITY AND LEAF AREA INDEX

Bartlett Forest, NH
Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003
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RECOLLISION PROBABILITY AND LEAF AREA INDEX

Bartlett Forest, NH
Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003

Recollision Probability Leaf Area Index (LAI) % %
TETUTTE LT VLA <P uED - IR
s - .. ) ’
_{' - a Ir'i; Rl i ] i-._ ot > -
1 f’ * -"-;'f; » i *' : i '— ¢ J- ; E 0.8
\‘ﬁ" ; b E T % b 3 3
7 ) 'f‘ﬁf-?l.-' : g L : 8 Broadleaf
LS A ST © 0.6
[ o ' : g
AR 5 ST SR : c
s o S 0. -
A ; s £ el N = ® .- > \ ~| uniform, p=0.3
- : ' P : 9 0.2 - -
b Th ; 2
I' - b i _‘_-,' . vd o - “bi Ie ”" =0 .
; o , Y Fr 0 —0 — :9' af" :p' I
z s I . g 0 1 2 3 a 5 6 7
== LAI
B ] - .
0 1 2 3 4

pLe=S,e, p=0, e20, a(A)=1 Leaf Area Index: one-sided green leaf area per unit ground area

The recollision probability combined with the Leaf Area Index
has the potential to discriminate between broadleaf and
coniferous canopies

12



RECOLLISION PROBABILITY AND LEAF AREA INDEX
Bartlett Forest, NH

Airborne Visible/InfraRed Imaging Spectrometer (AVIRS) data, August 2003
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LEAF ALBEDO

» The canopy spectral invariant approach requires the use of
the leaf albedo spectrum which is NOT always available in
Interpretation of spectral data

» The question then arises whether or not the lack of this
Information would make the approach inapplicable

BRE — o 1 ABRF, Aw, 1
fM - po, BRF, o, 1-po,
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PROSPECT MODEL FOLLOWS SPECTRAL INVARIANT RELATIONSHIPS

Lewis, P. and M. Disney (2007), Spectral invariants and scattering across multiple scales from
within-leaf to canopy, Remote Sensing of Environment, 109, 196-206
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LEAF ABSORPTION FOLLOWS SPECTRAL INVARIANT RELATIONSHIPS

Latorre et al., (2009), Monitoring crops with CHRIS/PROBA, Remote Sensing of Environment
(in preparation)
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FIELD DATA SUPPORT PROSPECT PREDICTIONS
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RETRIEVING LEAF PHYSIOLOGY AND CANOPY STRUCTURE

» ... without knowledge of either canopy structure [p], or
the leaf biochemical constituents, independent retrieval of
either from total scattering measurements Is not possible"*
(Lewis&Disney,RSE, 109, p. 205)

» However their finding suggests the existence of a reference
leaf albedo, I.e., a given leaf albedo is related to the
reference via spectral invariant relationship within a
certain spectral interval
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FIELD DATA SUPPORT THE HYPOTHESIS ABOUT REFERENCE ALBEDO
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FIELD DATA SUPPORT THE HYPOTHESIS ABOUT REFERENCE ALBEDO

Spectral invariant relationship:

1994 BOREAS Field Campalgn
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SPECTRAL INVARIANT SPACE FROM AVIRIS DATA
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REMOTE SENSING OF CROPS
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FORESTS AND CROPS FROM HYPERSPECTRAL DATA
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CONCLUSIONS

» Leaf albedo spectra, wavelength independent recollision and escape probabilities
fully determine the spectral response of a vegetation canopy with non-reflecting
background to incident solar radiation

» Spectral invariants allow for the separation of the structural and radiometric
components of the measured and/or modeled signal. The former is a function of
canopy structure while the latter is a function of leaf biochemical behavior

» Spectral invariants offer a simple and accurate parameterization for the
shortwave radiation block in many global models of climate, hydrology,
biogeochemistry, and ecology

» In remote sensing applications, the information content of spectral data can be
fully exploited if the wavelength independent variables can be retrieved, for they
can be more directly related to structural characteristics of the vegetation canopy

Some of the above statements are valid if the reference leaf albedo
exists. Therefore

the search for models for the reference leaf albedo and understanding the
physical reasons for this phenomenon are essential to realize the potential of

the hyperspectral remote sensing of vegetated surface
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