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Introduction Water-use efficiency A Carbon & Water Balance
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A: photoassimilationrate; E: transpirationgy: atmospheric CO2 concentratiody intercellular CO2 concentratiom: vapourpressure deficit



Introduction Water-use efficiency A Carbon & Water Balance
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Introduction Water-use efficiency A Carbon & Water Balance
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Introduction Driving factors: Refining Relative Contributions

@]l p| INng A ContributioTns from SQ (a) andD (b) to WUE Fractional changes

the - &)

. S\ = . 8 8
Carbon \ “p@O( :;) o B
& Water | Ip 5% &l [p Qx ol {p "D

CyC|ES Values (mean sd) from31 TRand28 ECobservational series over 19D 10:
a=151 0.57 b=-0.72 0.16
(@)z2.0 , , | , | (b)2.0 —
w w . .
= =) @ © Tree-ring sites
% 15 » % 15 @ @ Eddy-covariance sites |
:3) g 0.25
a 1.0 !
S 2
= =
£ 05 = 020
- @
e g
2 00 2
v L
= w 0.15
§-05 s
1.0 ] L2 ] I =210 ] I R ] !
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 -06 -04 -0.2 00 02 04 06 08 00 05 10 15 20 25 3.0
Fractional change in CO,, AC5/C4 Fractional change in humidity deficit, AD/D WUE response to C;, a

Dekker et al. (201&SD



Objectives

Coupling
the
Carbon

& Water
Cycles

Driving factors: Indices for Evaluating Models?

A Testing the performance of different types of vegetation models to predict
the environmental dependencies of WWdiEthe |leaf and ecosystem levels

How?
A Estimation of contributions from COandD on WUE from:

1. independent networks of R(leaflevel) andeEC(ecosystemlevel)
observations over their common period of records (1:291.4)
2. vegetation model outputs

A Modeldata comparisons



Methods Predicting Vegetation: different Types of Models
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A fixed land cover map

A prescribed leaf area index (LA))seasonal variations Best et al. (2011)

& Water derived from phenology model but no yetr-year GeosciModel Dev

y ¥¢eagation variations | | Clark et al. (2011)

models & A distinction among plant functional types (PFTSs) : fixed GeosciModel Dev.
Observations parameters defining behaviour of the vegetation

Initial Results

A ability of plants (within any one PFT) to acclimate or
adapt to environmental changes
A stomatal limitation of photosynthesisnly driven by
. . REALM
environmental variables
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Land-surface
Model
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a Conclusion
& Perspectives

é Next steps

4 Prentice et al. (2014)
Wang et al. (2017)
Stocker et al. (in revision)
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JULES a Global Vegetation model

Two different model configurations for
stomatal limitation of photosynthesis

Jacobs (1994). JAC
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I : soil moisture stress factor (unitless)

R: universal gas constant (3*kol?)

T.o l€af surface temperature K)

w*: CO, photorespiration compensation point (Pa)
A: potential leaf net assimilation rate (umol m¥)l

vn4.6

Medlyn et al. (2011): MED
o o (p g) 8
VO] W
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D: leatto-air vapourpressure deficit (Pa)
D.ii: critical leafto-air vapourpressure deficit (Pa)
g, sensitivity ofg,to assimilation rate

+ FarquhaiCollatzphotosynthesis model
+canopydj € ' 00q AOOEI AOAA
i OAAT AA AU ,!) OOEITGC "A

4 Oliver et al. (2018Biogeosci
Best et al. (20113eosciModel Dev.
Clark et al. (2011GeosciModel Dev.
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P Model a Simple Optimality model

Least-cost hypothesis (LC).

(7

D: leatto-air vapourpressure deficit (Pa)
b: ratio of dimensionless cost factors for
carboxylation and transpiration

—*: viscosity of waterelative to its value
at25C

K: effective MichaeligMenten coefficient
for Rubiscelimited photosynthesis (Pa)

Prentice et al. (2014)
Wang et al. (2017)
Stocker et al. (in revision)

Coordination hypothesis:

000 O ¢#% ga+[p (&S5Ta) 7]

z

: w 3
o i z z z g t z
{6 <8 o' /lp@E¢0ghd (© 3) 1|
. is the intrinsic quantum yield (g C / mol)

‘O isthe absorbed photosynthetic photon flux density
(PPFDfAPAR mol /n¥/s)

fAPAR fraction of absorbed photosynthetically active

radiation (unitless)

3° is the photorespiratory compensation point (Pa)

5 @8 is &stimated from observed ¢ @ ratios
proportional to the unit carbon cost for the maintenance of 1,

electron transport capacity !

But no explicit REALM
prediction of . . .i}f
transpiration yet! Models

P model
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Model-Data approach Input Data & Parameters

A WATCHWFDEI data (Weedon et al. 2014) as input + atmospheric CO2 from Scripp

1. leaflevel:at > 100 TR sites with carbon isotope dat&(,z) compilation from
Lavergne et al. (in revision)

2. ecosystem level:at 34 EC flux sites with > 6 years of records representing forest
ecosystems (FLUXNET dataset)

A Model-data comparisons over common 192014 periodc, increase by 43 ppm

Broadleaf | Needleleaf

Jacobs (JAC) D, (kg kg?) 0.09 0.06 Oliver et al. (2018)
Medlyn(MED) g, (kP&-) 3.22 2.22 Oliver et al. (2018)
Prentice (LC) b (unitless) 146 Smith et al. (2019)



Methods Observed Data leafc, GPP, ET, WUE&VUE
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