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Why land-atmosphere
Interactions are important
to global change?



An example

Atmospheric CO, rectifier effect
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Why land-atmosphere
Interactions are important?

wDynamic ABL
Missing
sinks

Annual Mean Surface Concentrations
at the NOAA/CMDL Flask Stations

CSU GCM

Flask Data

GISS CTM

ABL= Atmospheric boundary layer (Denning et al., 1995)



Measuring CO, by eddy flux tower
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Measuring boundary layer evolution
by 915 I\/IHz ABL proflllng radar

Mixed layer depth
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Why classic turbulent
theories do not work
within canopies?



Height z

Constant
flux layer




Von Karman’s similaritx hxgothesis




Von Karman Prandtl

Kk~04 Z, is roughness



f B . Christiaan Huygens 1699
Edme Mariotte 1673 Y9 Sir Issac Newton 1687

Velocity-Squared Law
Drag =C,pSV*

Navier in 1822 Stokes in 1845 Prandtl in 1905
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The mixing length theory has achieved remarkable success. Thom (1971)
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Why classic theories do not
work within canopy.
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New developments In
canopy flow theory
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momentum

Yi, 2007 |



|_ocal Equilibrium Hypotheses

momentum transfer rate = momentum loss rate

—pU'W'(z) = pC, (2)u
/.
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(Yi, 2007)



Momentum Equations are closed
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Uniform Vegetation ¢ (2)=C  ou'w’
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(Yi, 2007)

LAl - L(z
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—u'w'(h) = u?

L(z) = joza(z')dz'
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—U,W’SOZ _u’W’(Z)
a (z) = leaf area density (m?/m3)
LAl = leaf area index = entire leaf area per m? ground



e (Y1, 2007)

Z 7. =—Uu'w'(h

LAl = leaf area index = entire leaf area per m? ground



A Universal Relationship

1.0

For example,

90% of T is absorbed_
44 {by the whole canopy
Ry ’ e =2 3

(Yi, 2007)



Dimensional Analysis

(Buckinam Pi theorem)
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Comparison with the High-Order Closure

Observations >
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The high-order
closure simulations
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Requirement High-order model CMT model

Computing cost A super-computer A calculator

Adjustable constants |Produced from one | No constants
dataset cannot be universal
used for another




CMT predictions versus observations
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Conclusions

The robust agreements between the theoretical
predictions and observations indicate that the nature
of momentum transfer within canopies can be well
understood by the CMT theory.
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What are canopy MASS and ENERGY transfer
theories?



Super-Stable
Layer Theory



Advection issues on eddy flux measurements




A super stable Iaxer
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SFﬁ eerriments
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orizontal CO, gradient in summer
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Keeling Plot

Metolius, Oregon
ponderosa pine forest
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Apply the computational fluid
dynamics (CFD) approach to
simulate canopy flow



Renormalization-group k-¢ turbulence model

Leaf area density and drag coefficient profile
derived from the analytical model were used

Semi-logarithmic wind profile
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‘S’-shaped wind profile

0 <6, Cold inflow

Yi et al. 2005




Chimney phenomenon

¢=60 \Warm inflow

Yi et al. 2007b
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Stable

=0=1,(up, 6),

=0=1,(Uy., 6)-

Yi et al. 2007b

Steady States

Unstable



Synopsis

Ny stable.
3 unstable.

0<6, -6, <6, ~0.194 me1|E\ile]s}

Yi et al. 2007b
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Science
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Science stops :
Faith begins _ogic Provable

You cannot fy oy JBeductions
ask why.

The holy property You can ask why.
of science appears
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