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INTRODUCTION
• Forests cover over 60% of land areas in the southern US and are important in 

regulating water supply, flood mitigation, heat waves, drought.
• Although over 60% of precipitation returns to the atmosphere as 

Evapotranspiration (ET) in southern forests, the concept of potential ET for 
forests is unclear.

• Forests are believed to use more water than grass due to large biomass and 
deep rooting systems.

• ET is the key linkage among energy, water and carbon  fluxes, productivity and 
biodiversity.

• ET is least measured and most costly to quantify in the water budget
• Estimating ET remains challenging due to large spatial and temporal variability 

of forests for all methods (mathematical models, remote sensing, sapflow, Eddy 
Covariance methods)

•

 FLUXNET daily eddy flux ET and meteorology data
Watershed hydrology data: ET= Precipitation – Runoff + Storage 

Change
 Sap flow data: sap flux-based ET estimates for forest stands
 Remote sensing (Lansat,MODIS) Two-Source Energy Balance Model 
Machine leaning developing regression models to  relate monthly ET 

and environmental factors ;  models  developed based on land cover 
type (deciduous forest, conifer forest, crop, grassland, shrublands, 
savanna).

• Compare standard FAO56 Grass Reference ET (ETo) with actual ET in southern forests.

• Explore key controls of forest ET by type, age, and structure.

• Develop practical ET models  to improve regional modeling of water supply and 
demand under climate and land cover change.

OBJECTIVES

• Forest ET rates generally are less than ETo even for wetlands 
conditions; Peak growing season Kc (ET/ETo) could exceed 1.0 in 
mature forests.

• Forest Kc values increase with age; evergreen broadleaf forests have 
the highest Kc.

• Seasonal Kc can be modeled by Latitude, Precip, and LAI.

CONCLUSIONS
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Fig 2. An example of 
eddy flux ET 
measurement 
installation in coastal 
NC.

(AmeriFlux Core Site, 
Aguilos et al., 20020 a, b)

Fig 1. ET research sites in southern forests using multiple methods 

YP2-7: young pine age 2-7 (2013-2018)
YP2-8: young pine age 2-8 (2005-2011)
MP: Mature pine age 13-26 (2005-2018)
BHF: bottomland hardwood forest (age >100, 2009-)

Fig 4. A comparison of annual water balance (Aguilos et al., 20020 b)

Fig 3. Monthly ET/ETo and Normalized Annual Water Balance (Aguilos et al., 20020 b) 

D= Drainage 

Fig 5. Mean ‘Crop Coefficient’ 
Kc for 7 biomes 

CRO: Croplands
DBF: deciduous forest
EBF: Evergreen broad leaf forest
ENF: Evergreen broad needle 
leaf forest
GRA: Grassland
MF: mixed forest
OS: Open shrubs

Fig 6. Seasonal ‘Crop Coefficient’ (Kc) models by biome

Kc = a1*LAI + a2*Latitude + a3*Precip + b
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GLOBAL SYNTHESES ET/ETo (Liu, Sun et al., 2017, HESS)

(Sun et al., 2011 Ecohydrology)
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