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(a) V_: carboxylation rate, gross photosynthesis, ‘true’ photosynthesis
(b) V-0.5V_: ‘apparent’ photosynthesis, GPP

(c) V.-0.5V Ry, : net photosynthesis

Wohlfahrt & Gu (2015)



University of Innsbruck

Institute of Ecology

CO, flux (umol m?s™")

15

10

Definitions

—_— VC

— Leaf scale |
— Pn

—— Ryy

ki (N -

e——————
4(1)0 8(;0 12100 16[00 2000

PPFD (umol m? s})

Wohlfahrt & Gu (2015)



University of Innsbruck

Institute of Ecology

Definitions

60

40 |-

(umol m?s™)

(S
(=
I

I I

Ecosystem scale

CO» flux

——————
————
————
—— ———
—————
T s o ——— —— —
e e e e e T T —

400

800 1200
PPFD (umol m?s™)

1600

2000

Wohlfahrt & Gu (2015)



University of Innsbruck

Institute of Ecology

36 GPP can only be estimated by indirect methods.

Measurements —

Model

— GPP



University of Innsbruck

Institute of Ecology

36 GPP can only be estimated by indirect methods.

# The main motivation for estimating GPP experimentally is
that carbon cycle models simulate uptake (photosynthesis)
and release (ecosystem respiration) of CO, separately and
thus require separate calibration data.

36 The net CO, exchange being the difference between two
large fluxes (GPP and ER) is very sensitive to partial errors.

36 Calibration against NEP is problematic due compensating
errors which, because of contrasting drivers of
photosynthesis and respiration, may cause unrealistic
predictions under changing climatic conditions.
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(i) Photochemical reflectance index (PRI)

Multiple constraints on GPP} .-

(ii) Sun-induced fluorescence (SIF)
(iii) Carbonyl sulfide (COS-FP)
(iv) Isotopic flux partitioning (Iso-FP)
(v) CO, flux partitioning (I and Il)
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Measurements —

NEP

( N\
Model — GPP
—
NEP_=-ER_ GPP = NEP, + ER,

ER. = ER, = f(T)
NEP, = GPP - ER,

Reichstein et al. (2005)
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Measurements — Model — GPP
—

NEP NEP, = -ER @T..; €T GPP = NEP, + ER,@T,  €PT

GPP = f(PAR, VPD)

NEP, = GPP — ER,@T,,- ePT

Lasslop et al. (2010)



University of Innsbruck

Institute of Ecology

NEP (pmolm?s™)
wn

0
’.
10! " s
00 6 12 18 24
Time



University of Innsbruck

Institute of Ecology

. -
e “
5 >
. A e
i 2 -

'

¥ % .
¥

4 N\

Measurements — Model — GPP
—

Fvo OnFrne Or O, Fy=Fa+ Fyr solve egs. for F,, Fyxq

C, AE, H, R, r.,

VPD, T, OnFn = OaFA + OnrFyg

... and several other auxiliary egs.
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Isotopic flux partitioning

Net CO, flux
Isoflux
6,=6,—A
A=a+(b-a)C/C, Farquhar et al. (1982)
g. (C,—C) Fick’s law; big-leaf approximation

g.=f(AE,H, R, r,, VPD, T,) Penman-Monteith

net’

Yakir & Wang (1996), Bowling et al. (2001), Ogee et al. (2003),
Wehr & Saleska (2015)
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Wohlfahrt et al. (2012)
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COS flux partitioning
( )
Measurements — Model — GPP
—
Fcos» Xcosr Xco2 A=(Fcos/Xcos)/ GPP=(Xc0y/Xcos) - (Feos/MN)

(GPP/Xcn,) = const.

no other COS sources or sinks

Wohlfahrt et al. (2012)
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COS flux partitioning

T T T
m Canopy scale: Asaf et al. (2013)
41 ® Leafscale: Stimleretal. (2010)
e Leaf scale: Stimleret al. (2012)
[}
0
o
31 o " = .
» o
=
D o e " s
]
S LF . , :
< 2 S T o m
@ ! ° - = u® i .
i z o s bl n —:_l
. ‘ é ‘ R
I @ L 4 ) ! 7
‘l' ul " o
8}
O | | |
0 500 1000 1500 2000

PAR (umol m?s™)



University of Innsbruck

Institute of Ecology

)
S

COS flux (pmol m?s™")
=

-60
—&— winter wheat \\,' / \'\ I,/"
80} —e— cotton l'\.‘/ \ / d
-
-100 I I ] ] ]
0 4 8 12 16 20 24

Time (hours)

data from Asaf et al. (2013; cotton) and Billesbach et al. (2014; winter wheat)



University of Innsbruck

Institute of Ecology

Carotenoid Pigment Pool
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PRI
( N\
Measurements — Model — GPP
—
PAR, NDVI, PRI, fAPAR = f(NDVI) GPP = PAR - fAPAR - €
foof
difr “sun €=f(PRI, f, f. )

Hall et al. (2008)
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Measurements — Model — GPP
—

SIF GPP=PAR-fAPAR-€,  GPP=SIF € /€,

SIF = PAR - fAPAR - &
€,/ = O, /O; = const.

Lee et al. (2013)
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Rday = Rdark -k

NEI:)n =[(Rdark + Rnon-Ieaf] 0.2<k<1.3
f(T) (Niinemets, 2014)

CO,-FP revisited

I\”EPd = Vc_O'SVo[_ (Rday + Rnon-Ieafﬂ

#1: because R
respiration

day<Rdark, NEP, overestimates daytime ecosystem
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Wohlfahrt & Gu (2015)
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NEI:)n = _(Rdark + Rnon-leaf) 0.2<k<1.3

NEPd = V (Rday + Rnon-leaf)

#1: because R
respiration

#2: NEP_ carries no information about photorespiration

CO,-FP revisited

Rday = Rdark -k

f(T) (Niinemets, 2014)

day<Rgariv NEP, overestimates daytime ecosystem
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CO,-FP revisited

Reco = Rs t Rag 2 -

R, = f(T,) \
] |

R,y = AT, FON \

.

12 18 24
time (hours)

o
(=]



University of Innsbruck

Institute of Ecology

16 5
—Rs —Ts
—— Rag —Ta
14 R -

- :
N -

Respiration (umol m?s™)
S -
Temperature - Tref (degC)
o

06 \
04— N \_,
%% 6 12 18 24 o 8 12 18 24
time (hours) time (hours)
04 T 0.4 B :
_ 03t R?=0.99 : __ 03 R°=099 -~/ -
:w o2l y=010x-0.12 :m a2 y = 0.10 X + 0.12 ' ’
S E
'g 01 -2 0.1
3 o 3 o
z 3
S 01} S o1
[ [
a 02} G 02
3 @
C 03 € .03
S S
04 - 04+ 1
_o.s. A ' A e A A ' A A _0_5. A A A A A A A

0 1 2 3 4 r 4 2 2 4 6

-1 0
Ts-Tref (degC) Ta-Tref (degC)



University of Innsbruck

Institute of Ecology

CO,-FP revisited
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CO,-FP revisited
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CO,-FP revisited

Air temperature Soil temperature
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CO,-FP revisited
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u CO,-FP revisited
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COS flux partitioning
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Soil COS flux
Radiation

= COsS flux partitioning

,True” soil COS exchange\~
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= COsS flux partitioning

Dependent variable:
log10(COS_flux)
Incoming radiation (0Xe[o) A (eXele[o)})
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COS flux partitioning

Example for inversion of Lagrangian turbulent transport model
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Conclusions

Level of Level of Wider
complemty understandmg appllcablllty

CO, flux partitioning

Isotopic flux partitioning H M L
COS flux partitioning M L L
Sun-induced fluorescence H L VH
Photochemical reflectance index M L VH

L...low, M ... medium, H ... high, VH ... very high
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3 And so these men of Indostan

Conclusions

Disputed loud and long,

Each in his own opinion

Exceeding stiff and strong,

Though each was partly in the right,

And all were in the wrong!

The blind man and the Elephant (John Godfrey Saxe, 1816-1887)



