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Outline

» Re-visit of mass balance (advection)

» Density + advection corrections

» Coordinate (rotation)

» Averaging time length (low frequency)
» Co-spectral correction (high frequency)
» The friction velocity (u.) criterion

» Gap filling method

» Sensor height (vertical flux divergence, footprint)



Lee 1998 Agricultural and Forest Meteorology, 91, 39-49

Storage EC-Flux

» Re-visit of mass budget equation
continuity equation

» Consideration of contribution by vertical mean advection

» A 1-D linear regression to estimate mean vertical velocity



Paw U et al. 2000 Boundary-Layer Meteorology, 97, 487-511
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Storage EC-Flux

» Incorporation of both air density flux and advection

> A 2-D planar fit method to estimate the mean vertical velocity



Paw U et al. 2000
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Figure & Components of the net ecosvstem exchange (NEE) of CO> over a deciduous forest, day 203,

The circles represent the WEE, the inverted open triangles. the eddv covariance, the solid triangles,
the vertical advection, the diamonds, the transient storage term. and the pluses, the Webb et al. (1950)
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Finnigan 1999 Agricultural and Forest Meteorology, 97, 55-64

that the appropriate analysis framework for constructing such budgets 1§ unavordably two- or three-dimensional because 2
and 3D mean velocity felds always induce streamwise vanation  the eddy fluxes of scalars,

that in such flow fields it is generally incorect to assume that the vertical component of advection idl o) is everywhe
much larger than the horizontal component u/ d The vertical component can only provide & i'm}d measure of (ol
advective flux divergence 1n the special circu stance wherehe fower i ocated beneath te verical st stagnation sireamline
: rcrin'u]"Lin" J]uw By refernng to a hnear model of scalar transport over a hill we show tI]EL t|1+: relationship betwe
udc (O and wdle [0z 1 entirely dependent on particular flow conditions and that, in general, i)/ d cannot even be used
pro Hdt 1 b und on the magnitude of total advection.

that for measurements at herghts small compared (o the horizontal scale of the advectve flow, the honzontal gradient
urbulent flux 9’k can probably be neglected relative to its vertical equivalent w'e /0 and,

by using simple hydrodynamic models of 2D flows 1t can be shown that the vertical gradient of mean vertical velocaty

approximately constant over tower heights small compared to the hornzontal scale of the advective fow.
OGS



Coordinate - Rotation

w=w+ald) +bld)u Lee 1998

Ensemble average of vertical
rotation angle as a function of
azimuth

For example: Baldocchi 2000
Finnigan 2003, Su et al. 2004

2-D Planar Fit Method Paw U et al. 2000

Wilczak et al. 2001



Flat Terrain

S

Finnigan et al. 2003 Boundary-Layer Meteorology



Non-flat or Complex Terrain

Finnigan et al. 2003 Boundary-Layer Meteorology
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Pitch angle (degrees)
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Wind direction (degrees)
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Co-spectral Correction
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The friction velocity (u.) criterion

i
=
2
—
D
e
=
b
i
i
1 4
—
B
—
i
i
i1
-
Ty
"
Tl
L)

¢ Eddy-covariance flux Fopq .

|_

&  Canopy-air-layer storage flux
+ Frp, + storage flux

=

Frachion of Expecle




Forest Ecosystem Respiration — Soil Temperature Relationship

Re

=a-exp(b-Ty)

24 v || v || || v || v ] ] v T 1 o T T T v
22 F UMBS, 1999, 46-m . h
I ®  Days 1-127 ]
20 T ® Days 128-282 -
18k 4 Days 283-365 ° h
o 16 - — — Regression Days 1-127 ° i
T'm [ —-— Regression Days 128-282 ® 7
N 14 | ===-- Regression Days 283-365 ]
E 12L Regression Days 1-365 .. . 1
O [ 2®2 o° j
O 10 @ : ]
E [ -
3. 8 i
N’ 6 -
LIJ [ -
X g4 -
2 u -
0 , . -

0 2 4 6 8 10 12 14 16 18 20 22 24
T. (°C)at2-cm Depth



Light-Response at the Whole Forest Canopy Scale

oA g PPFD

Fc::'AHRE:'AC Sat+a-PPFD+RE

o)
o

l LJ LJ LJ l LJ LJ LJ l LJ LJ LJ l
°
UMBS, 1999, 46-m, Days 151-244
40 ° .
~ e® o ® ® e o o .
— 0q 0
: o 2® o0, ®
“ 30 : S SRR ot e SAS°
® %, 80 S s etis o038, 0 02 eo
C\nl o .. ®e ° .3l’ 23):.’: "%’»0’2&’.’: N O o,
® % Hhets o ' %0 Sags b % 95% 2
S° o P4 o2, ?3."@%"5,.'%0.0"%5(3 s
— 5 Y@ . @) -
o 20 * oS0 P er, ATLOULNS ST R, P °
10 = D) 7 a@ e [ < Y o
® G oo e © eootge o
0 D o%s o ®
E 0%¢; GOEOF S e 9 9 Ceo e
K D@, 9 ST S
= osrafoivesed’ e &
& TS
10 "‘"'-0.: T % ¢ 0oe® ¢ -
~— ° ° -
. -
© , A =37.111, o =0.0551
< % C,Sat ]
2
R =0.700, N =761
_10 l a l a a a l a l

400 800 1200 1600 y4010]0)
PPFD (pmol m?s™)



Effect of Different Gap-Filling Methods on Annual NEE

Cumulative NEE (ton C Ha'l)
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Temporal Variation of CO, Concentration over UMBS Forest
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Temporal Variation of CO, Flux over UMBS Forest
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