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Innovative Optical Tools For Proximal Sensing
Of Ecophysiological Processes

Retrieving plant traits from reflectance and solar
induced chlorophyll fluorescence
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What

What is the micro-climate in the vegetation?

Which light is used by which leaves? OOQ
How efficiently do plants use light and water?

What determines the shape/ life form and density of plants?
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Background Absorption Emission Scattering Retrieval Opportunities

mg CO,

Soem? hr ,2Sum of all leaves (LAI=3.4)

10

“The results for a standard set of conditions have

-10ne leaf been summarized in such a way that it is possible to
estimate the daily photosynthesis at any time and

place for awide range of photosynthesis functions

, Average of all leaves without computer. ”

Fig. 1. Photosynthesis rates of Sinapis alba, Cornelis T. de Wit (1965)
1. Rate per unit leaf area for one leaf.

2. Average rate per unit leaf area in a
. canopy with a leaf-area index of 3.4.

29 3. Rate per unit soil area, covered by a
canopy with a leaf-area index of 3.4.
“B.J. Lux” is a light intensity unit which
was used by BOYSEN JENSEN.

Data from Boysen JENSEN (1932, 1949).
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Background Absorption Emission Scattering Retrieval Opportunities

“PHOTOSYNTHESIS”
WATER + LIGHT = CHEMICAL ENERGY

LIGHT
ENERGY

[EnN
¢
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1. Chloroplasts trap 2. Water enters leaf
light energy
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o
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Net Photosynthesis (umol m'zs'l)
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Irradiance (W m)

o

3. Carbon dioxide 4. Sugars and Carbo-
enters leaf through hydrates leave leaf
stomata

(Drusch et al., 2017) CHEMICAL ENERGY + CARBON DIOXIDE = SUGAR 1-23 Feb 2018



Background Absorption Emission Scattering Retrieval Opportunities

“PHOTOSYNTHESIS”
WATER + LIGHT = CHEMICAL ENERGY
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Background Absorption Emission Scattering Retrieval Opportunities

change your wish

DF‘TIﬂ/\ISE COST Action ES1901 OPTIMISE Final Conference Sofia, 21-23 Feb 2018



Background Absorption Emission Scattering Retrieval Opportunities

The Sun @@ Observer

Fluorescence

SIF involves three processes:

canopy 1. Absorption of light
0 0.0/%/ 0 o °
2. Emission at longer
o0 wavelength
o [ 0 4 3. Scattering and re-absorption

DPTIAIV\/\ISE COST Action ES1901 OPTIMISE Final Conference Sofia, 21-23 Feb 2018



Background Absorption Emission Scattering Retrieval Opportunities

Spectral invariant properties Spectral variant properties

Interception, gap fractions, viewing Leaf albedo = Reflectance + transmittance
probability, re-collision probability

000 90 o
00 v,
o 0 o
g ——
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* Recently recalibrated for PROSPECT-D

Specific absorption [cm? g ']

0.

. ,Kcaf Filuspect—B
Kab Fluspect-B
025} | _k_ PROSPECT-D
i |-k, PROSPECT-D
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e
0.15 \\
3
0.1
0.05\_+"
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Background

3

Wavelength [nm)

Absorption

Emission

(Feret et al., 2017)

Pigments -> inform about plant

functioning

Scattering

) A
Incident

A - ZK,:C,:

Retrieval

Opportunities

K = Specific Absorption Coefficient (SAC)

C = concentration (pigments)

Fluspect

Simulates radiative transfer of
incident light and emitted

fluorescence in the leaf
Vilfan et al., (2017), RSE

sofia, 21-23 Feb 2018



Background Absorption Emission Scattering Retrieval Opportunities

Particular interest: Xanthophyll cycle (500-600 nm), used for
PRI = (R531-R570)/(R531+R570)

Nastassia Vilfan et al (submitted) :
- Introduced de-epoxidation status in carotenoid SAC
- Linked the de-epoxidation status C, with NPQ

0.3r— .0 , 25210
-« -K_,, Fluspect-B = Kool T
! Kb Fluspect-B 0.09 3| 3
- 0'25’: |—K_, PROSPECT-D| 0,08
. cal [SUanowECTL) G 25 Significance
. K IPROSPECT-D‘ 0n.0 .
13 s | 008 i - C, not sensitive to other pigments
§ | e o (unlike PRI)
5 0.04 ' s .
g o -~ | - Possibility to retrieve NPQ from
§ | 0.02 reflectance data
X 0.01 9
i , . = : . \
600 800 gOO 520 540 560 800 520 540 560
Wavelength [nm) Wavelength [nm] Wavelength [nm]
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Background Absorption Emission Scattering Retrieval Opportunities
@@ - Introducing the new Fluspect-Cx model into SCOPE

@ * Angular effect of PRI: partly due to BRDF of the vegetation
* Additional effect: due to sunlit leaves having higher Cx.

G Q=556.5 H Q=65-7.5 | Q=7.5-85
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Hilker et al., 2008

PRI without XCO PRI with XC

Significance

- Separates effects of pigments, sun-
view geometry and Xantophylls on
reflectance
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Background

Absorption Emission

Scattering

Retrieval

FQE = Fluorescence Quantum Efficiency, about 10

T = probability that a photon is emitted as fluorescence by the
~___——_~  chloroplast
— P
Spectral distribution is a property of the a

photosystems
Specific Emission Spectrum (SEC)
SEC recalibrated to in vivo-leaf spectra (FluoWat)

Van der Tol et al. (in prep)

wl (nm)
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. High zeaxanthin pool

0.04

The magnitude depends on charge lifetime, and therefore on

efficiency of the photosystems and NPQ (Van der Tol et al., .
2014)
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transmittance
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Background Absorption Emission Scattering Retrieval Opportunities
- - 0.03 . :
x  measured b *x  measured
—— simulated | | — — simulated
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Significance of the Fluspect-biochemical model:
- SEC of SIF useful for fluorescence retrieval (SFM)
g i88 - Effects of light stress, temperature, Vcmax on
emission can be simulated
- Effects of pigments on leaf forward and
backward emission can be simulated
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—— simulated | | — simulated
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Background Absorption Emission Scattering Retrieval Opportunities

The Sun @@ Observer

Fluorescence

RTMf model: simulates fluorescence radiative transfer in the canopy
canopyg o9 @ 0 0 - Scattering after emission
- Re-absorption

" o '/Q - Flux in observation direction
50 ; : . .
37 total 7 TF
sunlit leaves em, leaves
25r shaded leaves T Fl uorescence — 40 em, photosystems
< scattered flux Scatteri ng/ ‘TE
€ -
& 2 Escape probability %30
|E E
=15 =
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Ef &
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0.5
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600 650 700 750 800 850 600 650 700 750 800 850
wi 1901 OPTIMISE Final Conference Sof wi



Background Absorption Emission Scattering Retrieval Opportunities

Let’s compare the radiative transfer of
incident light (R) and fluorescence (SIF)

L, Significance:
Reflectance: R = E - Explains the high correlation
- R(A) between R and SIF
o r(A) == - Enables the estimation of
Fluorescence oo = 7T_Lf to® total emission of SIF
scattering: F E¢

i = interception of light by the canopy
w = leaf albedo (R + T7)

DF‘TIﬂ/\ISE COST Action ES1901 OPTIMISE Final Conference Sofia, 21-23 Feb 2018



Background Absorption Emission Scattering Retrieval

Physically based
model

Vegetation
characteristics

—
Light, Water,

Reflectance, SIF

Photosynthesis
Light distribution
Stress indicators

DF‘TIﬂ/\ISE COST Action ES1901 OPTIMISE Final Conference Sofia, 21-23 Feb 2018
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Background Absorption Emission Scattering Retrieval Opportunities
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Background Absorption Emission Scattering Retrieval Opportunities

=
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g N Let’s directly tune SCOPE to
radiance or apparent
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PN, reflectance, skip the step of SIF
& P . .
5 | Y retrieval (iFLD/ SFM)
s
e | Celesti et al, (submitted to RSE): field spectroscopy
05 Verhoef et al., (2017): synthetic FLEX/S3 data
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.:'ISH& ‘:sas ‘1(4:19 ‘u('ntu "w_.a ‘ncmluu
2 2 f 2 2 2 A 2
| b
i [ V' - = oy LN ]
-0 o LSO o L ™ o [Lon) “o ™ [ U T " o0

Verhoef et al., (2017)
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Background Absorption Emission Scattermg Retrieval Opportunities
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& L % Huge |mprovement in Iast 5 years of
« Model quality (reproducing measurements)
* Retrieval/ model inversion techniques

'S o Understanding of the processes
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