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Coupling of terrestrial water and carbon cycles

- uptake CO2 via photosynthesis
Joint stomatal control of carbon —

gain and water loss

lose water via i i, -

transpiration

y v CO: in atmosphere .
Cc-mbusrmn A

i

Respiration

. =R CYCLE

Condensation

- s :
'- Prec;pnauon X

Transpifation
D

Evaporation
from Oceans,
Lakes & Streams

Decomposition from
dead plants and animals

Water cycle Carbon cycle



Water use efficiency (WUE) varies with environment

» Higher leaf-level WUE under higher CO2 concentration

» Higher leaf-level WUE under water/heat stresses
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Understanding WUE response to environmental changes

Satellite product Flux measurement

Free-Air CO2 Enrichment Experiments
(FACE)

Relatively short time records

Stable carbon isotope C13
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C13:C12 ratio (8'3C) from plant materials

» Tree-ring records of 613C used to infer the historical change of A13 and leaf-level WUE
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C13:C12 ratio (8'3C) in atmosphere

» Tree-ring records of 613C used to infer the historical change of A13 and leaf-level WUE
» Atmospheric 613C used to diagnose the long-term change of A13
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Carbon isotopic discrimination (A13) in models
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Large contribution from mesophyll and photorespiration

1750 1800 1850 1900 1950 2000 Keeling et al., 2017
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Science questions

Challenge: The effect from spatiotemporally dynamic g, and I'*, and that from C4 expansion

on A13 patterns remain unclear.

A% = a+ (b — a)(Ci/Co)
Original equation in CLMS5

o (b _ am)(A/Ca)/fm - fF*/Ca

from a process-based model (Sun et al., 2014)

Science question a): what are the relative contribution of C4 expansion, g,, and I'* to

the observed growth in land photosynthesis discrimination across different biomes.

Science question b): how explicit g, affects the response of WUE to CO2 increase

and heat/drought stress.



Contribution from g, and I'*
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Contribution from g, and I'* over natural vegetated lands

CTRL: original CLMS5 equation ~ PR_GM: with g, and I'* added PR _GM — CTRL: their difference
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Large contribution from C4 expansion

Reduced A13 trend
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Effect of g, on WUE

Current models lacking an explicit consideration of g, is likely to underestimate the

response of WUE to CO2 enhancement, and to heat/drought stress.
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Thanks for listening!
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