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(Sun-Induced Chlorophyll Fluorescence, SIF)



What is SIF?

> SIFREICEIERERER, EUT A
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(chlorophyll o) & H BT 2% = e 5F

1= (visible)
100% : Reflectance ~11%

Chlorophyll- 0
Fluorescence 2%

Absorption Photosynthe3|s
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Heat 20%
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Transmittance ~11%

Image from European Space Agency
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(red and far-red fl

650 nm to 800 nm
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A{a] M= SIF?

(Spectral Fitting Methods ; Meroni et al, 2010)

EASBEICEMNE L: outgoing irradiance
\ \ E: incoming irradiance
L(2, t)=p(A)E(2, t)+SIF(}, t) p: reflectance
‘ ‘ A: wavelength
t: time
RN RN

AT HESKRESF, BAMRIE: pMSIF AN ERVKIEX BN B UAZRELLTEN, Mo UEHE
NEERNEHFIRE (R—TZMASEHM) KRN

oA)=ag +a; * A + ayx A + azx A3 + ...
SIF(A)=by + by * A + by*x A% + byx A3 + ......

XA FERRRBEEVN, BT NEE RS2 AR TR R KRB L A2 RHRE (aand
b, RETEEEPFISF




R IR BRI E SIF?
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=] =] o 8]

o
=

Global solar iradiance at the

Earth surface (Wm*rm™)
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o

\\ Lo = Q FEENERERMEEE —NERFESL=0, B
/ XAERNIEE B A FE
d B2, XK FEIEEMEL, b
Fraunhofer lines (e.g., Ha) #0 Telluric S K& IX 2%
(O2-Band A)
Q 7EXLER L b, SFERNES, SEWRS/ATLH

=
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=
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Reflectance

TUERAE I A AR R R

Typical ~750 nm 970 nm
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SIF %
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Wavelength (nm)



Mo E (&5 SN ESIF

= Mains (AC) powered (ca. 150W)

= Main spectrometer: QE Pro
(oxygen band A and B, 690 and
760 nm with excellent resolution
0.41nm)

= Rotating optical fiber (single field
of view, 180°)

= Provides expansion to EC
technology (partition NEE, input
to calculate GPP)

= Based on CR1000x

= Temperature controlled housing
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(https://climatesciences.jpl.nasa.gov/sif/news/data-releases/)

@ im) | Q  using satellite to measure SIF- 5 X ﬂ Solar Induced Fluorescence: Dat- X |

&« O )  https://climatesciences.jpl.nasa.gov/sif/news/data-r

Home News v Publications and Documents About the SIF Team ~ Analysis Method ~ Download Data v

August 8, 2019
Airborne SIF
NASA CFIS data for contiguous US and ABoVE Domain.

July 10, 2019

Satellite SIF

S-5P TROPOMI Red SIF data now available from March 2018 - presentl
ERS GOME v28 Far-Red SIF data available from July 1995 — June 2003
S-5P TROPOMI Far-Red SIF data available from March 2018 - present




£ FSIFER{EHEGPP

LUEp
PP ~ SIF —

Guanter, et al. (2014). https://doi.org/10.1073/pnas.1320008111

Porcar-Castell, et al. (2014). Linking chlorophyll a fluorescence
to photosynthesis for remote sensing applications:
Mechanisms and challenges. Journal of Experimental Botany,
65(15), 4065—-4095. https://doi.org/10.1093/jxb/eru191

Guan, et al. (2016). Improving the monitoring of crop
productivity using spaceborne solar-induced
fluorescence. Global Change Biology, 22(2), 716—726.
https://doi.org/10.1111/gcb.13136

Ce—T7  Pesumax(l +kpp) SIF (Eqn

GPP —
3C, + 8 (1 — Dpsuman)e 23)

Gu, et al. (2019). https://doi.org/10.1111/nph.15796

Liu, et al. (2019). Advantage of multi-band solar-
induced chlorophyll fluorescence to derive canopy
photosynthesis in a temperate forest. Agricultural and
Forest Meteorology, Volume 279,
https://doi.org/10.1016/j.agrformet.2019.107691

Wood, et al. (2017). Multiscale analyses of solar-
induced florescence and gross primary production.
Geophysical Research Letters, 44, 533-541.
https://doi.org/10.1002/2016GL070775






FEZEFa LIITFEREME? ., |

[ERFHE HRIN LR R

3"

=
D
&
A 4

B AN

A
\ W
i AN A
- /
L 3
N
I'
- /!
R, —
v 'cm
/ , ’

(x1,¥1,21) (%1, Y1, 21)

.

Vtrue —

l

Vi + T (

A

B MR

AR FR R

(x2,¥2,22)  (X2,¥2,23)

I e

VObS + () X R)
\ Y J

(2, ¥2,22)

Cardan angles
0- -1l FA(pitch)
¢--RENFA(roll)
y--#e 5 f(yaw)

Q: (x3,¥3, 2) XTI T
(X2, Y2, Z2) N EE N AR
T:M(x2, V2, 22) E
(x1,¥1,21) BOEEHR 772



HittZEAR

& AP IR A AU ECardan angles({ &, RN, BahB) MEITEQ, —FEFE
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Fujitani, T., 1985: Method of turbulent flux measurement on a ship by using a
stable platform system. Pap. Meteor. Geophys.,36, 157-170.

Edson, J. B., A. A. Hinton, K. E. Prada, J. E. Hare, and C. W. Fairall, 1998: Direct
covariance flux estimates from mobile platforms at sea. J. Atmos. Oceanic
Technol., 15, 547-562.

Miller, S. D., T. S. Hristoy, J. B. Edson, and C. A. Friehe (2008), Platform motion
effects on measurements of turbulence and air-sea exchange over the open
ocean, J. Atmos. Oceanic Technol., 25, 1683 — 1694,
doi:10.1175/2008JTECHO547.1.
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{1y Clp v/ (EE,L,\iiuﬂil) ?

Inertial sublayer

Roughness sublayer;
Z=1.5~27,

Fetch=50~100Z, Fetch=50~100Z,

ERMNZM: BIRY) (BEWPHRMAE, Fi) SEER—, TEADY— EJZITIEEREILE]
FetchfZ23K; 5B AMMIEFE R
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AT BN, B—EEEBFootprint (BE
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Recirculation area

O ASABRYINER:. FCEEAENE, AFENERN, ANTENEE—ENEE, BN, ®58E—
M, ZEEIXDIONALE AYFootprintSE B2 M B X UK
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* (maybe)BERRITERFTD: FokenBITFm 71 E 2 E L RIVIMEFIEIR(E,

R T R P A &R — R RIER AN T ALY

° (maybe)REWAENSIT A BT AARER, E—HIWB TS HAEN

AMAEXMRE (HHXMEDY)  ABHEFISHERE, TEZE (DED)

© (yes)BEEM S BREEHMMITHEEE T EHIHE PEIM T LA IR
* (yes)IRBIRX (Footprint) 7 rs R R HI kR T Hl
© (yesIRIEU~B{ER 5 BR T HY



e

* (maybe) &M EiEIEL!

=P

VAN | quum

llin

- ISR F

TR

I;I'LI
H

S, R—HNBZNTRESE

IR AR T AR

R A B {5 AL 7

HER FE/ID, BTANESRBMRASMH, 1
F—YRE (HFITTEAE Aoutlier) 2FER, SiT7ARXERE EFHAMR
XLEESIERENENEFIHNRE
* (maybe) HZ L F¥I{E(mean diurnal variation; MDV): BT A A B & X H R

(FHLBE AR E

* (no) &ZR E(look-up table; LUT), Marginal Distribution Sampling (MDS)

° (no) MIIEMRE: iy iz, TIEEMR (Q10) HiE

o (ves)EFEAL: HEFRE 2 S (machine learning), A T 122 7T M & (artificial

neural

network)



V. K e @ENN 7Gx

L
(a) WEHHE_ O R 4L e
i R ¢ -
e
AT
e85 7
RS 3 # ()il it
(b) ¥ 0 4 e (C)bm}
i - S 2
AR "
g
120 004
\\ LE nm|//
"% e e

RENSEER. AXERERRERANTEE



CO2 concentration on a summer day in 2004
at Missouri site
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Mean air temperature for growing
season at Missouri site in 2004
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EC-TDLE %

8 7= 0 K (Y (sonic anemometer)
+

o] I SAEEIR LI IE{ (Tunable diode laser absorption spectroscopy; TDLAS)

= SMESRER T PIAF]10 - 20Hz
* TDLASEENECEMNRRE, ARERFEN RIBELIRELEMITE
TTEEERNRBE

- BRERE, BPRAS

s EERSAREETAN SRR L R TR
- ETRASARE (LLWERSH) MEANEEE

- EEQAYEMRER

- HEE, BETUVATRE

Griffis, et al. (2008): Direct measurement of biosphere-atmosphere isotopic CO2
exchange using the eddy covariance technique, J. Geophys. Res., 113, D08304,
doi:10.1029/2007JD009297.1.
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