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“Mini-drought” in UMBS 
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Overall - more hydrodynamic stress in disturbed forest 

Matheny	et	al	2014	JGR-Biogeosci.		

Daily	Hysteresis	
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Species-specific dynamics during dry conditions 

Ø  Matheny et al. 2016, Ecohydrology 
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Ø  Matheny et al. 2014, JGR Biogeosciences 
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Dry soil produces largest plot-scale differences 
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Water storage dynamics with declining soil water 

Ø  Matheny et al. 2015, Ecosphere 
Ø  Matheny et al 2018, JoVE 

“Mini drought” 
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Hydrodynamic modeling of transpiration 
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q  Externally 
ü  Meteorological conditions: 

ü  Soil Moisture 

o  PAR 
o  Wind speed 
o  VPD 
o  Humidity 

Non-hydrodynamic 

q  Internally 
ü  Plant water potential  

Hydrodynamic (FETCH2) 
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FETCH2 evaluation, Silas Little, NJ 

Mirfenderesgi	et	al.,	[2016]		
JGR	Biogeosciences	
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Model-defined traits 

Leaf-trait parameters 

Ф50,stomata 
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Examples of whole-plant responses 

Intermediate dry day with deep rooting depth strategy 
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Safety margin as an emergent trait 

Hydraulic safety margin: 

       Фmin,stem - Ф50,stem Skelton et al. PNAS 2015 
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Quantifying the safety-efficiency trade-off  
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Parameters	are	optimized	with	2009’s	half	hourly	measurements	of:	latent	heat	
and	sap	flux	
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Finite-difference Ecosystem-scale Tree Crown Hydrodynamics Model (FETCH2)  
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Finite difference Ecosystem-scale Tree-Crown Hydrodynamics model 
version 2 (FETCH2) §  Tapered stem model 

§  Realistic vertical leaf area distribution	
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Governing equations  

q  Stem water hydraulic (stem-leaf) 

Transpirational water sink 
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Tissue-level traits à Emergent tree-level strategies 
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Model-defined traits 
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Stem-trait parameters 

Reducing degrees of freedom in trait parameter-space 
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Stem-trait parameters 

Model-defined traits 

-8 <Ф50,stem  < -0.5 
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Root-trait parameters 

Vertical profile of root cross sectional area index  

Model-defined traits 

Rooting depth 
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Experimental set up 

q  Virtual model tree 

q Observation-based stereotypical 
environmental forcing 

q  2 rooting strategies 

q  2-D leaf+xylem parameter space 

q  Fully factorial design 

 

Simulation 
scenarios 

Wet Intermediate Dry 

Shallow Deep Shallow Deep Shallow Deep 

Combinations of xylem and leaf trait values within the 
tested range 

In silico virtual experiment: 	
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Emergent whole-plant hydraulic strategy 

Maximum anisohydry à  
 Sensitive xylem  
 Insensitive stomata  

0.25	 0.3	 0.35	 0.4	 0.45	 0.5	 0.55	 0.6	

Degree of iso/anisohydry 

Dry day 
Deep roots 
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Stereotypical environmental conditions  

q  Vapor pressure deficit (VPD)  

q  Soil water content (SWC) 

o  Dry  

R2=0.38 
P=10-8 

o  Intermediate 

o  Wet 
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Ф50,stomata 
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Water storage dynamics with declining soil water 

Ø  Matheny et al. 2015, Ecosphere 

“Mini drought” 

St
or

ag
e 

(k
g)

 

So
il 

w
at

er
 c

on
te

nt
 (m

3 m
-3

) 

Oak 
Maple 
Soil water content 

St
or

ag
e 

(k
g)

 

So
il 

w
at

er
 c

on
te

nt
 (m

3 m
-3

) 

Withdrawal 



Department of Civil, Environmental and Geodetic Engineering CEGE	

Water storage dynamics with declining soil water 


