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Outline

• Processes, Supply vs Demand, Short and Long Time scales
Short– Short

• Energy
• Meteorology

– Long
• Leaf area indexLeaf area index
• Nutrition
• Plant Functional type

– Short to Long
• Surface Conductance
• Soil Moisture

• Time
– Day/Night
– Seasonal
– Interannual

• Space
– Land Use
– PBL/Landscape
– Globe



Water and the Environment: 
Bi h i l E h d l i l ViBiogeophysical-Ecohydrological View
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Processes and Linkages:
R l f Ti d S S lRoles of Time and Space Scales
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Penman Monteith Equationq
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•Available Energy (Rn-S)
•Vapor Pressure Deficit (D)
•Aerodynamic Conductance (Gh)
•Surface Conductance (Gs)Surface Conductance (Gs)



Eco-hydrology:y gy
ET, Functional Type, Physiological Capacity and Drought
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Effects of Functional Types and Rsfc on Normalized Evaporation
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Stomatal Conductance Scales with N, via Photosynthesis

Stomatal Conductance Scales with 
Photosynthesis
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Photosynthetic Capacity 
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Integrated Stomatal Conductance Scales with Photosynthetic Capacity and LAI
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Effects of Leaf Area and Photosynthetic Capacity on 
Normalized Evaporation:
Well Watered ConditionsWell-Watered Conditions

1.3 Priestley-Taylor
= 1 26

1.1

1.2
= 1.26

Q
E/

Q
E,

eq

0.9

1.0

0.7

0.8

Vcmax*LAI

0 20 40 60 80 100 120 140 160 180 200
0.6

Vcmax LAI

Canveg Model, Baldocchi and Meyers, 1998 AgForMet



Effects of Leaf Area and Photosynthetic Capacity on 
Normalized Evaporation:

Watered Deficits

Boreal Forest
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LAI and Ps Capacity also affects Soil vs Total Evaporation
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Canopy Surface Conductance does not equal the Canopy Stomatal Conductance

Crop: Rsoil = 1500 s m-1
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Forest Biodiversity is Negatively Correlated with Normalized Evaporation

Temperate/Boreal Broadleaved Forests
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Use Appropriate and Root-Weighted Soil Moisture ( ) ( )
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ET and Soil Water Deficits:a d So ate e c ts
Root-Weighted Soil Moisture

Grassland
1.0

eq

1.00

1.25

summer rain

Oak Savanna

eq

0.6

0.8

λ E
/λ

E
e

0.25

0.50

0.75

λE
/λ

E
e

0.2

0.4

θ, weighted by roots (cm3 cm-3)

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
0.00

θ  weighted by roots (cm3 cm-3)

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0.0

Baldocchi et al., 2004 AgForMet



ET and Soil Water Deficits:
W t P t ti lWater Potential
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Leaf Area Index scales with Water Balance Deficits
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various functional types:
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Nocturnal Transpiration from Blue Oak

Fisher et al. 2006, Tree Physiology



Seasonal and Annual Time Scales

Annual Grassland, 2004
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Interannual Variation ET

Vaira 2004
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Annual ET of Annual Grassland varies with 
Hydrological Growing Seasonyd o og ca G o g Seaso

Ryu, Baldocchi, Ma and Hehn, JGR-Atmos, submitted



Growing Season Length and ET, Temperate Forest
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Year to Year differences in ET is partly due to differences in Growing Season Length
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ET: Spatial ScaleET: Spatial Scale



Landscape Differences
On Short Time Scales, Grass ET > Forest ET
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Role of Land Use on ET:
On Annual Time Scale Forest ET > Grass ET

California Savanna
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•Savanna Uses More Water than Grassland
•Savanna Soil holds about 78 mm more Water
•Annual ET Decreases with Rg
•Rg is negatively correlated with Rain and Clouds
•System is Water not Radiation Limited

Different Land Use
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Stand Age also affects differences between 
ET of forest vs grassland

Plynlimon, Wales
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Assessing Spatial g p
Averages with Subgrid 

Variabilityy
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Sub-Grid Variability:
MODIS d IKONOSMODIS and IKONOS
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Errors in ET ScalingErrors in ET Scaling
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Linking Water and Carbon:
Potential to assess Gc with Remote Sensing
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Gc Exhibits Scale ‘Invariance’
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Fisher et al Global ET Model
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VPDRH A measure for downscaling ETRH A measure for downscaling ET 
with Drought???

Fisher, Tu and Baldocchi, RSE in press



Global ET, 1989, ISLSCP

ET (mm/y) reference

613 Fisher et al

286 Mu et al. 2007

467 Van den Hurk et al 
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Fisher et al, in press



Global ET pdf, 1989, ISLSCP

Fisher et al.



ConclusionsConclusions
• Biophysical data and theory help explain powerful ideas p y y p p p

of Budyko and Monteith that provide framework for 
upscaling and global synthesis of ET
– ET scales with canopy conductance, which scales with LAI and py ,

Ps capacity, which scales with precipitation and N



Be CarefulBe Careful

• Short-Term Differences in Potential and Actual 
ET may not hold at Annual Time ScalesET may not hold at Annual Time Scales
– Grass has greater potential for ET than Savanna

• Sub-Grid Variability in surface properties can 
produce huge errors in upscaled ET at the 1 km 
Modis Pixel Scale 



Present and Past 
Biometeorology ET Team
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Global ET JulyJuly

Fisher et al, in press



Budyko Curve, Fluxnet data
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Photosynthesis > 200y
Respiration

CO2
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Interannual Variation ET:
Grassland

Vaira 2004
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Inter annual Water Balance
Oak Savanna
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Savanna, 2004
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