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1. Introduction

% (traditional) Vegetation remote
sensing

* Focused on vegetation indices indicating
“greenness”

~ Biomass x Chlorophyll content

* Reflectance - based vegetation indices are
related only to potential photosynthesis

% Sun-induced chlorophyll
fluorescence

* Fluorescence is an emission signal from the

surface
* Fluorescence is a much better predictor of actual
photosynthetic activity, not potential ones

1.5 2.3

GOME-2 SIF

[\



1.1 Chlorophyll fluorescence (SIF)
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¢ Pathways of solar energy after absorption by chlorophyll:

® Part of the energy is used for photochemical processes and
photosynthesis resulting in ecosystem gross primary production (GPP).

* Part of the energy 1s dissipated as heat.

* A remaining fraction is re-emitted as fluorescence.

¥ Under natural conditions, fluorescence and photosynthesis are
positively correlated 2 a measurement of fluorescence can
be related to photosynthetic activity.

Fluorescence emission (rel. units)
under natural solar illumination

FLEX Assessment Report (2008)
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1. Introduction Global SIF Data Sets

GOSAT, GOME-2, SCIAMACHY, OCO-2 ...

GOSAT
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1. Introduction Global SIF Data Sets

SCIAMACHY GOME-2 GOSAT 0CO-2
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1. Introduction

Modeling ecosystem GPP with SIF

* Empirical statistical approach (see Guanter”,
Zhang et al., PNAS, 2014)

Global and time-resolved monitoring of crop
photosynthesis with chlorophyll fluorescence

Luis Guanter®'?, Yongguang Zhang™', Martin Jung®, Joanna JoinerS, Maximilian Voigt?, Joseph A. Berry®,
‘ Christian Frankenberg®, Alfredo R. Huete', Pablo Zarco-Tejada?, Jung-Eun Lee", M. Susan Moran',
‘. Guillermo Ponce-Camposi, Christian Beer, Gustavo Camps-Va[Is", Nina Buchmann', Damiano Gianelle™,
4 Katja Klumpp", Alessandro Cescatti®, John M. Baker®, and Timothy J. Griffis®

* Hybrid methods based on process-based

models



1. Introduction The Problem

High bias in GPP modeling from dynamic vegetation models
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1. Introduction The Problem

The most influential model in the carbon cycle research

FvCB model

Two key metabolic variables
*Vcmax: Rubisco activity

*Jmax: Electron transport rate



1. Introduction The Problem

FvCB model —

-
Farquhar et al. (1980) T a0l
there are two key parameters which, although often 5 ol
correlated in vivo, show important genotypic and |
phenotypic variation. These are the RuP, carboxylase toof
capacity of the leaf (V, =pk E) and the electron .| e 2T

transport capacity (/. =p ) Lhe way in which v w,cm;i.m.;::, oo
these two capacities vary, absolutely, and in ratio

may well be a key to our understanding of the . —— —
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Waullschleger, 1993

Determine the key metabolic variables

*Vcmax: Rubisco activity

Vo (mol m2 g7)

*Jmax: Electron transport rate

Contant Vcmax assumed for [ —
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each PFT in models Wikon etal. 2001 °




1. Introduction MOtiVatiOIl

What: Constrain GPP modeling with process model

How: Optimize photosynthetic capacity parameter (V

cmax)

With: Satellite-based fluorescence data

And: A coupled photosynthesis-fluorescence model

(SCOPE)



2. Methods

Model
SCOPE

Soil Canopy Observation of Photosynthesis and the Energy balance

Incoming TOC spectra

PROSPECT parameters

RTMo

transfer of solar and sky radiation

nl

o (solar and sky)

>

R

n
(solar and sky)

A4

RTMt

transfer of radiation emitted by
vegetation and soil

»

nl

o (thermal)

R

n
(thermal)

iteration

TC TS
RAEHGA
7-C 7-;
aPAR 4

Energy balance module

net radiation
leaf biochemistry é
aerodynamic resistances

leaf and canopy level fluxes
leaf and soil temperatures

>
»

Farquhatr, et al. (1980);

Collatz, et al. (1991; 1992)

A4

RTMf

transfer of fluorescence

leaf and soil
parameters

nl

o (fluorescence)

>

»

van der Tol et al., 2009
11




2. Methods

Flux sites
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2. Methods Inversion of V

cmax

Link fluorescence to V

cmax

Set V.. to range of realistic

values GOME-2 SIF biweekly
C4: 10-70 pmol m2s’! .
Model C3: 10_200HMm01 m2s retrievals
input
data:
. . \Y o — f(SIF, t)
Rln, Rh) .C a kl Seasonal chax
P, Ta, u, (bl—wee y steps)
LAL hc,

Cab...
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2. Methods InVefSiOn Of V

cmax

Sensitivity of fluorescenceto V__

LUT -> Vemax = £ (SIF,
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3. Results

Hourly GPP: fixed V__, vs. V .. = f(SIF)

" Model-based inversion of crop

photosynthetic capacity (Vcmax)
from GOME-2 SIF data.

" Substantial improvement of GPP

Measured GPP (umol m'2s'1)
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3. Results

Light Use Efficiency for photosynthesis (LUEp):
Vemax = JO1E)

B) All sites Vemax=f(SIF)

fixed V.. Vs.
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4. Continuing work

How SIF relates to independently estimation of V t

seasonal scale?

cmax a

Site CO:z and
Water Flux

SCOPE —> Site Vemax

A

n

min(F(V max)) = z <

t=1

GPP, — GPP,, N LE, — LEm>
GPP,, LE;,

Zhang et al., RSE (under review) 17



4. Continuing work

Sensitivity of canopy SIF to V

cmax
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4. Continuing work

Another example from Harvard Forest

80

L v = 61.345x + 16.36
R? = 0.80, P<0.05

SIF/cos(SZA)

Field measurements of SIF during the growing season of 2013 (Yang
et al., 2015)

Zhang et al., RSE (under review) 19



4. Continuing work Upscaling to a bigger scale

Regional V_ . _for C4 crop during the growing season

crmax

Vcmax for C4 Crops during 2009

DOY 145-161 - DOY 161-177 - DOY 177-193

DOY 225-241

. iy M.

%, [
P

//'
>
5
g
7 ,_.".-;:-:

Seasonally and spatially varied for C4 crop

Zhang et al., RSE (under review) 20



Regional

4. Continuing work

V

crmax

DOY 145-161

for C3 crop during the growing season

Upscaling to a bigger scale

Vcmax for C3 Crops during 2009

DOY 161-177

DOY 177-193

= 160 160 T = 160
RN ) o k] ek Y e
?g . S @; 120 ? r 120 ¥ v fie. s @

X [l 80 e 80 ' ﬁ ) ':‘l \

% +. f 80 60 1\ 5 . 60
& : \) 40 40 ] ‘Q 40
%\ k ﬁ& 20 20 %\ i _f%?‘\: 20

- 0 0 - = 0
DOY 193-209 . - DOY 225-241 -

- =

v 5» a q = 140 " pasc |G ~ 40 e 13 g o iy

3 w;-_" . f%\ @; 120 ?9 ¥ “:‘if' 4%:\ @; 120 s S 5:':%-\ @ 120

"% g 'ﬁ‘T- }lisg;,)/ 100 e "‘P-':ii &}/ 100 B -‘{?;E";/ 100

T ‘”’ : 80 "‘ ‘h" 80 Ol - 80

b P ; 60 b P ; 60 ) 3 60

ARG IS - Sl ;

0 1]
DOY 241-257 _ . DOY 257-273 - o
. %i., g Q = 140 140 140
F h ) o -'W 4 ’@ 120 120 120
i .«..'\.r;f:,i {‘id‘rgw 100 100 100

“7‘1 ﬂ’ﬂ" g_ 80 a0 80

N . 1 : 60 60 60
5\\:\- r ‘)\E” 40 40 40

LR 20 20

| 2 " 0

Seasonally and spatially varied for C3 crop

Zhang et al., RSE (under review) 21



4. Continuing work

Modeling regional GPP with V

Site CO:z and

Water Flux

!
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4. Continuing work Validation

“Validation”: comparison with GPP scaled from SIF and NPP data from
agricultural inventories by USDA

Annual GPP from SCOPE with constant V :Annual GPP from SCOPE with seasonal chax from SIF
1600

1400

1200

1000

800

_____

,'E =5 .u—-n
Lo 3
! Py :
- !
[ L] .
1 .
d 00
= x. -— =
'
]
I
e }20 800 1600

L 30 800 1600
\GPP (gcmZyl

hﬁ\\k\

GPP(ng )

b=

Zhang et al. (under review) -



Continuing work Validation

“Validation”: comparison with GPP scaled from SIIF and NPP data from
agricultural inventories by USDA
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Continuing work Validation

“Validation”: comparison with GPP derived from agricultural inventories
by USDA
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5. Summary

1. Satellite fluorescence retrievals could be a proxy of
seasonally-varying maximum rate of carboxylation

(Vemax)

2. A potential to patameterize V__ .
satellite fluorescence data for terrestrial biosphere models

seasonally from

3. Discussion: What is the difference between Vcmax
derived from DVMs and leaf measurements?

B) US-Ne3: Vemax = f(SIF)




You are welcome to join SIF Session at AGU 2017:

Session Title: Chlorophyll fluorescence as a proxy of photosynthesis: from field to satellite
measurements, modeling and applications (Kaiyu Guan, Yongguang Zhang, Joanna Joiner,
and Xi Yang)

Thank you for your attention !




2. Methods Links between Fluorescence and Vcmax

Fs yield and photochemical yield related to Vcmax
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2. Methods Evalu ation

Incorporation of optimized V__ ., into SCOPE and

comparison with fixed V____in terms of GPP and
other parameters

Seasonal SCOPE . GPP

V s simulation
Constant SCOPE . GPP

V s simulation

C4: 54 pmol m?2 s™!
C3:100 pmol m™2 s™!

GPP from
flux towers
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3. Results

Sensitivity of fluorescence to V

cmax

LUT -> Vemax = £ (SIF,

SCOPE old version SCOPE new version
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