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Sun-Induced Chlorophyll Fluorescence

- Sun-induced chlorophyll fluorescence is emitted as a function of
absorbed excitation energy (APAR) and fluorescence quantum
efficiency (®)
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Sun-Induced Chlorophyll Fluorescence

- Sun-induced chlorophyll fluorescence is emitted as a function of
absorbed excitation energy (APAR) and fluorescence quantum
efficiency (®;) .

- it is then propagated through
the leaf and the canopy -> Top
Of Canopy (TOC) fluorescence

- leaf pigments/structure +
canopy structure + physiology +
environmental condition ...
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Sun-Induced Chlorophyll Fluorescence

- Sun-induced chlorophyll fluorescence is emitted as a function of
absorbed excitation energy (APAR) and fluorescence quantum
efficiency (®;) .

- it is then propagated through
the leaf and the canopy -> Top
Of Canopy (TOC) fluorescence

- leaf pigments/structure +
canopy structure + physiology +
environmental condition ...

—> growing amount of products
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Sun-Induced Chlorophyll Fluorescence

- Sun-induced chlorophyll fluorescence is emitted as a function of
absorbed excitation energy (APAR) and fluorescence quantum
efficiency (O)

Blue FR FRR

- it is then propagated through
the leaf and the canopy -> Top
Of Canopy (TOC) fluorescence

- leaf pigments/structure +
canopy structure + physiology +
environmental condition ...

- growing amount of products Porcar-Castell et al. (2014) JEB

Developing a flexible modeling framework for
integrating several sources of information at
different scales
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Motivation

van der Tol et al. (2016) RSE & Migliavacca et al. (2017) New Phyt.
Using far-red fluorescence (F,¢,) and reflectance = 1nm FWHM

6
5 / (a) (b)
a0 e P
B s
; £ 4 /
E s
5 15 A Vi
z 5 Sept 2012 E 3 S
& 10 .o o E.n .- 10
B | ottt et Eo2 5, ;
L. L 2 8 oo S5 S g £ o 20 -
LN o e e 8 ) (g 5
= T ('] v
m
0 - o E g
12:00 15:00 S{I 2 4 & 'g nE
; 3 s
e 2 2
= a a W
Al s t g | B 3 0.5
"-E an ot * e ih E 4 J"" 10 Ao
= 15 . ..H L q.:l_ | o
o E q
o (]
£ w0 9 Sept 2012 Eﬁ /'.‘ 2 Case
B o O o 2 o - Oby
w” g, g E J y “_b”\, - RU\S ReFERENCE
B & g % * Run STRuct
L ) . 0.0
= 1 & Ruw Trars .
/ * Ruw Trams=STrRuct
0 ]

12:00 15:00 4 ]

hour = Foas Jays |
F'ernn-d (Wm™um™ ar)

(=]
]

00 05 1.0 05 10 15 20
F760 (Wm™ ym ' er”) LAl (m? m™?)




Objectives

- to retrieve F and @, from SCOPE inversion on very high resolution
TOC measurements, together with “classical” vegetation parameters

- to compare modeled F values (red and far-red) with state of the art
independent radiance-based retrievals (Spectral Fitting Method and
SpecFit)

- to evaluate temporal evolution of retrieved parameters for
assessing vegetation status during an induced stress experiment
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Material and Methods — data acquisition
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Material and Methods — data acquisition
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Material and Methods — data acquisition

Dicuran
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Lower

Different doses applied over ~30 days
~ 1600 measurements
— ~1400 after filtering

H. above ground (cm) ~130cm

Spectrometer Range FWHM Application

Observed diam.(cm) ~58 cm (nm) (nm)

1 — HR4000f 350-1050 1 p and VIs computation
2 — QE65000 657-740 0.25 F at O,-B
3 —HR4000a 700-800 0.1 F at O,-A
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Material and Methods - F retrieval
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Material and Methods - F retrieval
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Material and Methods - F retrieval
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Material and Methods - F retrieval
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Material and Methods — Inversion cost function
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Material and Methods — Inversion cost function
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Results — example of modeled p* and F
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- Generally good agreement between modeled and
measured reflectance
- Different shapes for full spectrum F modelling
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Results — F values comparison
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Results — F values comparison
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Results — time series
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Results — time series
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Results — time series
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Results — temporal evolution
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Results — temporal evolution
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Results — temporal evolution
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Results — temporal evolution
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Results — temporal evolution
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Results — temporal evolution
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Conclusions

« For the first time we inverted SCOPE on very high resolution top of
canopy measurements

« The concurrent retrieval of veg. parameters and sun-induced
chlorophyll fluorescence provided coherent information on their
dynamics. Modeled absolute values of F were in very good
agreement with a state of the art retrieval (SFM)

 F can be used as an early warning, Concurrent evaluation of
biochem/struct/fluorescence can provide more information on veg.
dynamics (stress/recovery)

« With this approach we avoid “contradictory” results (but also missing
“surprising” ones), within the domain of applicability of the model
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Results - Numerical inversion of reflectance to model F

Time series of hyperspectral reflectance

R e | O data over a rice field along the growing
= e e season

B adf " . ' .

§oel T -Numerical inversion of RTMo (~1nm)

:fj-_--;—; e - Dynamic simulation of ® according to
| [ e van der Tol et al. (2014) JGR
-—— s s O == - Forward modeling of F

# DO w 30 o - RO
E | : e
E -.;E ll' - i N - DOY 1885 [ 14 D0 164 DOy 20R DHly a2 DY 35 O 2
[ I.: i i 500 = . . K
I = ; T ek =
14 AT = 3T ” 3 'E =|:':| - 1 v =
a ; D= e = f W
. LB | E 200 1 W,
phem i ,
: . e
E 34 THHY w00 | : &
Bas [ o & H-""-. & 7
5 -
g | B, e ra E ?
5 - e[S
[ . el E Ay o sy § .-.;.;"“IW f P : _—; |
Woad) GO =40 i . _ ey = o . Yy ol LK —
£ y 2 - T A I:I; ¥ = | il - #‘ﬂ"r’“‘.‘l B
¥ oz : S L L —— g 2 | | 1 -
- — ! 1 [ |
e . | ML ST INPY 2 T B oA
A ST - T "9z 15 18 12 15 18 1z 15 6 12 5 16 12 15 % 12 15 18 1z 15 B
Picur Ly =0 TRCEL howe haour hour FelT

- Relatively small effect of Vcmo and meteo var. on normalized F (F/PAR)
- In unstressed canopies F variablity is driven by biochemical and structural
parameters + incoming light

-
= -
=

sicaees| van der Tol et al. (2016) RSE




Results - Numerical inversion of reflectance to model F
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Results
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