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Drivers and variability of Chl fluorescence
emission spectra from the leaf to canopy
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— Chl, ; absorbance

GOSAT
755-773 nm B
CHI CHY _
604-805'\nm OCO-2 )
757-775 nm
< _
‘-h_“\—‘--___ —
600 700 800 000

Frankenberg & Berry, 2017
wavelength (nm) g y

Frankenberg et al., 2011; Joiner et al., 2011; Guanter et al., 2012

Satellite

‘ -course in space/time
¢, -limited wavelengths

»
%,

Joiner et al., 2012; Koehler et al., 2015

N

Frankenberg et al., 2014; Sun et al., 2017 ‘0:0




Drivers and variability of Chl fluorescence
emission spectra from the leaf to canopy

— Chl a fluorescence (arbitrary units)
— Chl, , absorbance
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Drivers and variability of Chl fluorescence
emission spectra from the leaf to canopy

Photosynth Res (2007) 92:261-271
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Drivers and variability of Chl fluorescence
emission spectra from the leaf to canopy

We lack a complete understanding of
the drivers and variability of SIF spectra:

1) At physiological temperatures
2) Under different stress conditions
3) Across species

4) At diurnal and seasonal scales

Can we exploit the additive information content of
SIF spectra at scales relevant to remote sensing?




Drivers and variability of Chl fluorescence
emission spectra from the leaf to canopy

Leaf
-full spectra (no noise)
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Connecting active and passive fluorescence L eaf
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Controls on the shape of the SIF spectrum at the leaf scale

Link passive and active fluorescence
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Controls on the shape of the SIF spectrum at the leaf scale

Primary variance (PC1)
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Controls on the shape of the SIF spectrum at the leaf scale

Primary variance (PC1)

Secondary variance (PC2)
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Controls on the shape of the SIF spectrum at the leaf scale
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Controls on the shape of the SIF spectrum at the leaf scale

Change in F, shape (a.u.)

Spectral change due to quenching (NPQ/PQ) dynamics,
i.e., fractional contribution of PSI/PSII SIF.
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Disentangling changes in SIF

spectral shape

/

1) Mean shape

Leaf cross section
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Porcar Castell et al., 2014, JExB

2) Chl. content
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Leaf scale considerations

Leaf morphology, species, pigments, biochemistry, eco-
physiology, PSI/PSII

Canopy scale considerations

Canopy architecture, Viewing/ lllumination geometries,
Photon scattering/ re-absorption, Sun/ shade fraction

13



Tower

-high temporal resolution
-limited spatial extent
-high spectral sampling

High resolution red and far-red canopy SIF: PhotoSpec
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Niwot Ridge, CO: PhotoSpec (1 of 5) }

16-06

0100

PhotoSpecs "
T Arrayo Control = e o= =]

TC-720 Main RevExvi ’a BITDYO IﬂS[rumeﬂ[S TOYO InS[rUmEn[S Ext

File Edit Operate Tools Help

Connect via port: Connect via port:
=
fid isconnect | oo copon Isconnect || o cec ot

Connected to 585-05-12, S/N 150807125 Connected to 585-2.5-24, SIN
Setpoint Output Ipaint Output ire Controffer
00 ° @ on @on
Set 21.00 «c Set 500 c
- OR Actual Readings Mode ual Readings Mode 19.6 %
ONTRO 0 00 © — I 73
" T= 20989« °° r= 505 °&
T 4 0Q © 8]
; - o 2= 253214 O
[12] DOASIS - DOAS Intelligent System [Last QEPro2 - C:\Users\| p p hotoSpec5\Spectral FarRed\B1879001B187993.std] [E=RECE| 0.00 A ®
File Edit Aquie Msth Data Stepper Extras  View  Help ) " ) .
DEwEEd SN T e @mien  pEopeenlk ow o @ma o001V Y, INC.
3 1 BRRT I v S T EHHNFEDMMN Switch Folders =
o000 , ey T R T )| o o
LaS;QEIPmi[ ] 7 Last QEProl - ALBT994std B =l =
avelength [n] —
e ™ 740 750 e 770 780 = =1
1.4 ' Last QEPro2 - B187994 std i
12 .J ' = ~ PhotoSpec5
%; Last Flame - C187994.std M
£ 06 .
o T spech PDA / Spec. |B Device
Abstract 02 7l E
- . . . . . - . R - . 0 : - [Properties oR x|
B44C-04 Seasonality of photosynthesis of a Rocky Mountain subalpine forest: implications for SIF as a metric for GPP 0 100 200 300 400 50 600 700 800 900 1000 e
. . Channels +
David R Bowling ElevationAngle 575 B
o - C —
ileName AUsers pec5\Drof
Thursday, 14 December 2017 16:45 - 17:00 [¢]Enable Logging [ Clear Output | [ Select LogFile | LogFils [C:\PhotoSpecs\LOG\DOA! | pame Last QEPro2
. X Thread 2/0: begin - MNumScans 17
@ New Orleans Ernest N. Moriol Convention Center - 383-385 ------Thread 0/0: zequired spectrum StartDate 12/5/2017
Thresa 00 maks 0 StartTime 22:01:14.7263251
Thresd 1/0: acquired spectrum B Information Details
Thread 1/0: end: 1
Thread 2?0: acquired spectrum Altitude 3023
Thread 2/0: end: 2 Author SIF
B44C-05 Simulating Canopy-Level Solar Induced Fluorescence with CLM-SIF 4.5 at a Sub-Alpine Conifer Forest in the Colorado Rockies Zed Thresd 0 || AzimuthAngle -90.911273209549066 gy —
Brett M Raczka', David R Bowling®, john C Lin®, Jung-Eun Lee®, Xi Yang®, Henrique Duarte® and Lauren Zuromski®, (1)University of Utah, Department o [ U= > Output Files
Utah, Biofogy. Salt Lake City, UT, United States, (3)University of Utah, Salt Lake City. UT, United States, (4)Brown University, Earth, Environmental and P | " | v e Ry —
of Virginia, Charlottesville, United States, (6)University of Utah, Salt Lake City, United States B output [ET Script | Mini Scrpts [E] Quic ol P =l
Moving Blevation 363208 steps to -57.5 degrees @ jochen@atmos ucla edu is remotely connected
Thursday. 14 December 2017 17:00 - 17:15

8|0 e 7 = E <.

@ New Orleans Ernest N. Morial Convention Center - 383-385




Niwot Ridge,
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Niwot Ridge, CO: Diurnal canopy average

Hourly average during July

. ‘ 0.35
1400- — Far-red |4
— Red 10.30
1200 | i %
0.25 B
o +0. ’é‘
\, 1000 ] =
K lo20 3
€ 800 i L
©° 7]
E 1015 L
Z 600 ] =)
x 3
< 1010 =
& 400 ] ®
|
10.05 —
200 -
I I I | _.0'00
5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00
. . . . 0.0008
H‘m 2 0.0007
2 High NPQ 0.0006
o 0 @
Q.
9 0.0005 =
: :
S 10.0004 g
E (o}
w
4 00003 5
£ :
7 0.0002
)
S
8 el 10.0001
—  PRed/®Far-red
| | | L L | | N nnnn

5:00 7:00 9:00

11:00

13:00 15:00 17:00 19:00 21:00
Time of Day

*preliminary NEE data from Sean Burns

0.9
0.8
0.7
0.6

0.4

F, x (MWm=2nm~!srl)

0.2

05} -

L ,:(b) .....
Low NPQ
v [— Mean spectral shape accros
mo High NPQ " |m m Expected range in PC2: A
680 700 720 740
Wavlength(nm)

n =336 i

760

780 800

Magney et al., in review

17



Disentangling changes in SIF spectral shape All experiments

Single overpass, multiple canopies (OCO-2)

Influence of PC2 & PC3 on mean F, , shape @ 600 PAR
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Conclusions F,_: il species (500 PAR)
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PhotoSpec characteristics

H?@Spec A New Instrument to Measure Spatially Distributed Red and Far-Red Solar-Induced Chlorophyll Fluorescence
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PhotoSpec characteristics
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PhotoSpec characteristics

Table 1. Spectral characteristics of the Ocean Optics spectrometer in the PhotoSpec instrument.

red far-red UV/vis
Spectrometer QEPro 1 QEPro 2 Flame
Wavelength [nm] 670-732 729 - 784 177 - 874
number of pixels 1044 1044 2048
Dispersion [nm/pixel] 0.074 0.067 0.382
FWHM [nm] 0.3 0.3 1.2
Grating [grooves/mm] 2400 2400 600
f1# /4 /4 72
Filter 0G590 RG695 2. order
Entrance Slit [um] none none 25
Detector Hamamatsu S7031-1006 ~ Hamamatsu S7031-1006 ~ Sony ILX511B linear silicon CCD array
quantum efficiency (peak) [%] 90 90 90
Table 2. Errors of the retrieved STF data.
Error type Error source red far-red
Statistical Retrieval Error 0.05mWm2sr ' nm™ | 0.1 mWm 2sr ! nm™!
Retrieval Error for a typical SIF signal 4% 5%
Systematic offset 107°% 107°%
Dark current 6-107*% 6-107*%
Detector Nonlinearity 107°% 107°%
Stray light 2.5% 1%
Calibration 7% 7%




Niwot Ridge, CO PhotoSpec: Seasonal canopy average
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Niwot Ridge, CO PhotoSpec: Diurnal cycle
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PhotoSpec — tower based SIF retrievals T e L a‘maag ‘{"0540]0930. sl ,00033"-
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PhotoSpec — tower based SIF retrievals
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Figure 8. Diurnal cycle of PAR, SIF, NDVI, and effective quantum yield of PSII of a peace lily leaf (10/11/2016). The distance between the

peace lily leaf and the PhotoSpec telescope is approximately 1 m.
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Figure 7. Four dark-light tests (Kautsky curve) of a single banana leaf on 10/18/2016.



Walz GFS-3000 Modification
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Fig. 1 Schematic of leaf-level measurement system. (a) Typical pulse-amplitude modulation (PAM) fluorescence trace during initial exposure to light. Note

Leaf chamber

»= minimum fluoresence yield (in dark)

Not to scale

(d)

Radiance (mwm=2nm-' sr)

Radiance (mW m-2nm-' sr)
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Fluoresence emission spectra
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Ft2./\
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Wavelength (nm)

that the colors (blue and pink) represent the color of the light that is driving the signal even though all PAM parameters are computed from a blue light-
emitting diode (LED). (b) Basic schematic of the infrared gas analyzer (IRGA) with a trace of a light response curve (showing net photosynthesis) under

exposure to actinic light (similar in time to (a)). (c) Diagram of the leaf chamber, insertion of the fiberoptics from PAM and spectrometer (QE Pro), and the
representative colors of light being emitted by the PAM and actinic LEDs. Note that the actinic LED light source is 90% red LEDs and 10% blue LEDs, and is

somewhat attenuated by the short-pass filter (showing a slightly lighter ‘pink’ color beneath filter). A photosynthetically active radiation (PAR) sensor is

placed at the leaf surface, and the coupled PAM and QE Pro foreoptic is c. 2 mm from the leaf surface. (d) Spectral fluorescence curves associated with F,,, ;

and Fy,,',; (driven by blue light) and F ; (driven by actinic LEDs) and corresponding times shown in the fluorescence trace in (a).
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Controls on the shape of the SIF spectrum at the leaf scale
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Separation of PSI and PSII spectra

Three assumptions:

1) the contribution of PSI SIF at 685 nm is negligible

2) PSI fluorescence is not dynamic

N
[

Frrl_h"'\.li \;s_ Fm_III]

3) Chl content is constant. ©

N
=]

—
e

Step 1.
-Offset of Fggg Vs. F,4o represents PSI

-Palombi et al. 2011

=
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Fon, 7an {mwW m fnm-lsr ]}
-k
=

slope = 0.7814x

intercept = 0.139 |

<
[ =

0 0.5 1.0

Step 2:
SVD analysis assuming:

1.5
Foo s (MW M~ nm=" sr')

20

-PSI and PSII are a linear combination of the first two sample weight vectors

PSI = x;*u; + X;*u,

PSII = X,*u, + X,*U,
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Controls on the shape of the SIF spectrum at the leaf scale Rapid Induction
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Controls on the shape of the SIF spectrum at the leaf scale
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Sample weights vs. ancillary data
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No species specific clustering = no species specific signal?

PC2 sample weights (u,) (7.88%)
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F, , @ 600 PAR (4 sp.)
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Rapid induction (Kautksy) experiment design
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PC2 from Kautsky corresponds with both NPQ and PQ

...but NPQ saturates
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Red and Far-red SIF vs. photosynthesis
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Controls on the shape of the SIF spectrum at the leaf scale
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