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Water transfer in the soil-plant-atmosphere 
continuum (SPAC)

Soil WP= -0.5 MPa

Root WP= -0.8

Stem WP= -0.9

Leaf WP= -1.5

Air WP= -60 MPa
Challenges:

• Unknown root 

distribution (RZ 

moisture storage 

capacity)

• Difficulty in measuring 

hydraulic states

• State-dependent 

hydraulic conductivity

• RWU compensation

• Hydraulic redistribution



Using Trees as “hydraulic periscopes” to 
monitor and characterise SPAC

• “Observation wells” to monitor root zone hydraulic states 

• “Pumping test” to estimate soil-plant continuum hydraulic 
properties
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“Observation wells” at Predawn

Predawn WP = 

Root-zone water potential 

Daytime stem water potential

Yang et al., 2013



Testing SPAC models: an example on the 

Jarvis-Stewart Model 



Experiments at two sites of different climates 

Drooping sheoak

Mediterranean climate

Guihua

Subtropical monsoon



Optimised parameters for two species in 

different climate zones
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Deng et al., 2017

“Pumping test” when (e.g., night-time) the 

boundary condition is stable 
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The intercept at zero sap flow tells

the root-zone water potential 

The slope is relevant to the 

integrated root-stem xylem 

hydraulic conductivity



A vegetation-focused SPAC model

(v-SPAC)

• Sap flow and plant water potential

• Plant water storage as a function of water potential

• Plant hydraulic conductance as a function of water 

potential (integrated vulnerability curve)

• Root-zone water storage and hydrological processes, 

based on LEACHM

• Parameterisation of vulnerability curve from night-time sap 

flow. 



LEACHM
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Mixture of Wi-1

and PΔi
Wi-1

PΔi

ti-1 ti

Wi

δi = δP ×  + δi-1 × (1 - )    

Isotopic Periscope: using trees for “tracer tests”

: moisture 

replenishment



Seasonal variation of root-zone moisture 

replenishment

Xiang et al., 2019



• Hydraulic periscope

- Requirement: Stem water potential and sap flow

- Dynamics of lumped root-zone hydraulic states

- Root-stem hydraulic properties

- Testing and developing SPAC models

• Isotopic periscope

- Requirement: δ18O of twig water and rain

- Root-zone moisture replenishment

Root-zone periscope → new opportunities in 

ecohydrological research 
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Ongoing: 
Zhechen (Oliver) Zhang’s PhD research
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