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Why does understanding plant response to drought 
matter?

adapted from Keenan et al., Nature, 2013

“Drought and heat-induced tree 
mortality is accelerating in many forest 
biomes as a consequence of a warming 
climate, resulting in a threat to global 
forests unlike any in recorded history.”
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Soil 
moisture 
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factor with 
scarce 
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support
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Soil 
moisture 
stress 
factor with 
scarce 
empirical 
support

e.g. JULES, CABLE, JSBACH...



Implications for the future

Land surface models cannot reliably predict...

• the impact of drought on vegetation

• plant mortality

• vegetation feedback on the atmosphere

• the sign of future drought



Alternative approaches
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Alternative approaches

Classic Water Use Efficiency Hypothesis (WUEH): 

𝜕𝐴𝑛

𝜕𝑔𝑠
= 𝜆

𝜕𝐸

𝜕𝑔𝑠
e.g. CABLE, CLM5

λ increases instantaneously with H2O stress

• Wolf et al., PNAS, 2016
• Sperry et al., PCE, 2017
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Experimental modelling 
framework
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Experimental modelling 
framework
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Droughted forested fluxnet sites

Eucalyptus Globulus
Evergreen Broadleaf

Quercus Cerris
Deciduous Broadleaf



Calibrating β is not a viable solution



C-H2O optimisation as an alternative
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C-H2O optimisation as an alternative



Plants can follow a profit maximization approach!



Plants can follow a profit maximization approach!



But it might not be sufficient...



Future directions

• Can we capture the response of wet 
ecosystems to drought?

• What about grasses and their recovery?

• Can carbon gain be invested in rooting 
depth and/or dynamic LAI?

• Can hydraulic cost be used to infer plant 
mortality?



m.e.b.sabot@gmail.com

Thank you



Vulnerability curves
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C-H2O optimization

• Hydraulic cost:
𝑘𝑚𝑎𝑥 −𝑘

𝑘𝑚𝑎𝑥 −𝑘𝑐𝑟𝑖𝑡

• Photosynthetic gain:
𝐴

𝐴𝑚𝑎𝑥
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