
How Plant Hydraulics Response to Environmental Change in Land Surface Model？ 

Key Points
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 soil-plant-atmosphere continum: 
aboveground and underground
 water transport: Darcy’ Law: �i←j =
�i←j(Ψi − Ψj)
Transpiration (T): �leaf = �leaf←푠푡�� 
Evapotranspiration = T + canopy 
interception + soil water evaporation

 Comparison with observation

Plant Hydraulic Scheme (MATSIRO-PHS)  

Observation Datasets

• A new plant hydraulic scheme was implemented in MATSIRO land surface model (MATSIRO-PHS).81 FLUXNET sites were evaluated for MATSIRO-PHS. MATSIRO-
PHS improves evapotranspiration and soil moisture for most sites compared to original MATSIRO version (MATSIRO-ORI). 

• Plants experince more severe water stress during soil and atmospheric drought seasons, induced by increasing demand for transpiration.
• The optimum temperature for transpiration and gross photosynthetic productivity  increases as soil moisture increases. Water use efficiency (WUE) reaches its 

maximum under low air temperatures and high soil and atmospheric humidity.

 Diurnal variation of plant water dynamics

MATSIRO Land Surface Model

 Lingcheng Li et al., 2020

similar to electric 
current

Transpiration (T): SAPFLUXNET
Soil moisture (SM): FLUXNET
Evapotranspiration (ET): FLUXNET

• MATSIRO-PHS captures night 
hydraulic redistribution

Detail

• While the water stress factor in the MATSIRO-ORI has minimal diurnal variability, MATSIRO-
PHS features increased stress at midday, induced by increasing demand for transpiration.

Results 
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• Big tree model is utilized in MATSIRO to 
emulate the canopy ecosytem (snow 
cover and snow free)

• Bulk formula is used in MATSIRO to 
calculate transpiration:

� = (1 − �푐푤�푡) ∗ ��퐸푐 �� ∗ (�(��) − ��)
�푐푤�푡  = 푤푐/(푤푐��� ∗ 퐿��)

 Plant responses to air temperature
 Xingjie Lu et al., 2020

• The optimum temperature for T and GPP 
increases as soil moisture increases.

• WUE reaches its maximum under low air 
temperatures and high soil and atmospheric 
humidity


