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Motivation and Methods

Fig. 2. Perturbation range plant hydraulic parameters

plant water transport root water uptake drought sensitivity

Fig. 1. Experimental sites 
in Europe. The selected 
stations represent the 
diversity of plant functional 
types (PFTs) and climate 
zones across Europe

Fig. 3. ET and GPP 
monthly profiles. Eddy-
flux observations (circles) 
and ensemble spread 
(shadowed area). Nash–
Sutcliffe efficiency (NSE) 
indicates model 
performance

• Climate change increases plant water stress, challenging 
simulations of vegetation water (W) and carbon (C) fluxes

• Land surface models commonly use empirical soil moisture 
stress functions, without representing vegetation water status

• CLM5 includes a new plant hydraulic stress routine, improving 
simulations of water potential, root uptake, and water stress¹

• Key hydraulic parameters remain uncertain and significantly 
impact modelled fluxes²

• We investigated model behaviour with new routine: W and C 
fluxes, vegetation water status and stomatal conductance (gs) 

• Perturbation experiment: 128 ensemble members, variation 
of plant/root segment maximum conductance (kmax, krmax) and 
water potential at 50% conductance loss (psi50)

• Perturbation ranges were based on prior CLM5 studies2,3 and 
hydraulic trait databases4,5 (Fig. 2)
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Fig. 5. Vegetation water status and gs monthly profiles. Larger symbols 

with black borders indicate stomatal closure associated with low ψleaf

Conclusions and outlook

Fig. 4. Interannual variability of GPP and ET: observed vs. simulated. Data corresponds to summer 
months (June–August) for a 10-year period (2009–2018). 

• Model captures both seasonal dynamics (Fig. 3) and 
interannual variability (Fig. 4)

• Model performance varies strongly across stations; largest 
mismatches in Mediterranean sites

• High ensemble spread, especially for GPP → plant hydraulic 
trait uncertainty remains a key issue

• Simulated water potential gradients from soil to leaf reflect 
soil–plant–atmosphere temporal dynamics (Fig. 5)

• Stomatal closure under plant hydraulic stress captured in 
high-activity vegetation during summer (EBF, DBF), when ψleaf

drops below parameterized thresholds (Fig. 5)

• Very pronounced plant hydraulic stress in Mediterranean sites 
according to the model → potential overestimation? 

• Next steps

• Variance decomposition → quantify individual contribution
of hydraulic parameters driving uncertainty and error 

• Shift from PFT to site-specific parameterization → better 
reflect vegetation-climate interactions
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