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University of Michigan Biological Station (UMBS)

UMBS research forest
Eddy covariance tower, UMBS

Temperate deciduous 
broadleaf forest
(US-UMB, US-UMd)
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Species-specific regulation of water use

 Matheny et al. 2017, Ecohydrology
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Within ecosystem divergent hydraulic function is common!  
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FETCH2 plant hydrodynamics model

 Mirfenderesgi, Bohrer, Matheny et al. 2016, JGR Biogeosciences
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Plant hydraulics models

 Xu et al. 2016 New 
Phytologist (ED2-Hydro)

 Sperry et al. 1998 
SPA model
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Porous media analogy

• 1-D Richards equation along hydraulic 
path length l: 
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=
𝜕𝜕
𝜕𝜕𝜕𝜕 𝐾𝐾 Φ

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

− 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐶𝐶 Φ
𝜕𝜕Φ
𝜕𝜕𝑡𝑡 =

𝜕𝜕
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𝜕𝜕Φ
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• A modified 1-D Richards equation for 
flow in a tree: 

Capacitance Conductance Pressure gradient  Transpiration

Oak, maple, and pine 
wood cross sections
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FETCH2
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Hydraulic trait parameterization

 Matheny et al. 2016, Ecohydrology

Stomatal response (β) Capacitance response Conductance (kg m-1s-1MPa-1)

Xylem water potential (MPa) Xylem water potential (MPa)Leaf water potential (MPa)
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Can the FETCH2 model replicate behavior?
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FETCH2 simulation of the ‘mini drought’
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Forest response to disturbance – a first test
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Changes to LAI

• Control LAI ≈ 3.89 m2m-2

• Disturbance LAI ≈ 3.68 m2m-2
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Scaling from trees to ecosystems

DBH (cm)

Control Disturbance

• Trees within the same histogram ‘bin’ are 
assumed to transpire similarly.

Multispectral imagery of UMBS

Aerial LiDAR of UMBS
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FETCH2 Outputs
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Opposing reliance on capacitance

 Matheny et al. 2015, Ecosphere

“Mini drought”
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Biomass water content data – Available for use!

Julian day
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 Plant hydraulics models capture different drought responses

 Interchangeable modules coming to a CLM-FATES near 
you… eventually 

Data available for test cases: sap flux (9 years), biomass 
water content (3 years) ashley.matheny@jsg.utexas.edu
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