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Topics will be covered

1. Eddy covariance theory ɀ╩ẙᴃΆṮ￼ᶢ ת

2. EC data processing; including de-spiking εᴞ ầẂӪζ, coordinate 
rotation εᶑ‰᾿ ), density correction (WPLιḸẙ ⃰), etc

4. Spectra analysis └ ֫‘

5. QA/QC ίֺ

6. Examples of long-term flux measurements ӕḒ
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ᶢ   ᵙᴅӈεTerminology and units ζ

Density: g air m-3, mol air m-3

g CO2 m-3, mol CO2 m-3

Mixing Ratio: g CO2 per g dry air
g H2O per g dry air

Specific Humidity: g H2O per g moist air

Mole Fraction: mmol CO2 per mol total air,    ppm,        ppb
Dry Mole Fraction: mmol CO2 per mol dry air,       ppm,        ppb



CO2 CH4 ᵙᴅӈ

CO2 flux :       mmol CO2 m-2 s-1

mg CO2 m-2 hr-1

g C m-2 d-1

g C m-2 yr-1

g CO2 m-2 yr-1ɉÎÏÒÍÁÌÌÙ ÄÏÎȭÔ ÕÓÅ ÔÈÉÓɊ

H2O flux (E): mmol H2O m-2 s-1

(ET):     mm hr-1, mm day-1

CH4 flux : nmol CH4 m-2 s-1

mg CH4 m-2 hr-1

g C m-2 d-1

g C m-2 yr-1 



ᵙᴅӈ

Net radiation (Rnetε֛ Ṃ)σ W m-2(J m-2 s-1)

Sensible heat flux (Hεᾶ εỖ ) : W m-2 

Latent heat flux (LEε▄ ): (W m-2)
LE = lE

Soil heat flux (Gεᶅ ):   W m-2



Fig. 16.5. Monteithand Unsworth, 2013. Environmental Physics. 
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Fig. 16.5. Monteithand Unsworth, 2013. Environmental Physics. 
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CO2 / H2OCH4

Wind

Lincoln, Nebraska, USA

Solar Power Supply

Ԑᶚ ᶢ ҩᵸ
not shown are met sensors and communication device



California Grassland DOY 104 2003, T1100
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10-Hz ᴝḊᾭὯ



California Grassland DOY 104 2003, T1100
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California Grassland DOY 104 2003, T1100
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California Grassland  2 m tall tower, DOY104 1200
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California Oak Sananna, 23 m tall tower, DOY157    1130
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╩ẙᴃΆṮᶢ ᴝת

WINDWIND



Control volume
Finniganet al., 2003
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2ÅÙÎÏÌÄÓȭ !ÖÅÒÁÇÉÎÇ 2ÕÌÅÓι Ẉᶎ│ֱ
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)''''''''''''( swswswswswswswswF aaaaaaaa rrrrrrrr +++++++=

wsF ar=

)')(')('( sswwF aa +++= rr

''swF ar=

╩ẙᴃΆṮ￼ᶢ ԇẪ

Averaged deviation from the mean is zero Dry air flux is zero 

s is mixing ratiowith the unit of 
g CO2 g-1 dry air

~0



Time CO2 (mmol m-3)  W (m s-1) CO2 ' W' W'CO2 '

0 15.511 -0.253 0.108 -0.253 -0.027

0.1 15.483 -0.348 0.080 -0.348 -0.028

0.2 15.442 -0.290 0.039 -0.290 -0.011

0.3 15.420 -0.052 0.017 -0.052 -0.001

0.4 15.414 0.091 0.012 0.091 0.001

0.5 15.409 0.159 0.006 0.159 0.001

0.6 15.401 0.276 -0.002 0.276 -0.001

0.7 15.407 0.401 0.004 0.401 0.002

0.8 15.403 0.496 0.001 0.496 0.000

. . . . . .

. . . . . .

1800 15.369 0.212 -0.034 0.212 -0.007

mean 15.403 0.000 -0.014  (mmol m-2s-1)='' 2COw

Density unit!
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Data Processing: de-spikingι ầẂӪ
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Data Processing: de-spikingι ầẂӪ

0

10

20

30

40

0 200 400 600 800 1000 1200 1400 1600 1800

Time (s)

C
O

2
 o

r 
q

 (
V

)

q

CO2

We need get rid of spikes.



Data Processing: de-spikingι ầẂӪ

Åunreasonable u, v, w

Åabs(Õȭȟ Öȭȟ ×ȭɊ І xĬstd; x = 4 - 6  

Åother criteria



Courtesy of Prof. Baldocchi

Coordinate rotationψᶑ‰᾿



Courtesy of Prof. Baldocchi
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If the sonic is perfectly leveled along with the groundsurface, then no 
coordinaterotation is needed!

However, this is very difficult to do, if not impossible. It is much easier 
to rotate the coordinates to force the mean of w to zero.  

e e

Coordinate rotationψᶑ‰᾿



Courtesy of Prof. Baldocchi

Un-rotated Flux



Courtesy of Prof. Baldocchi

Data Processing: Coordinate rotation



Imagine a situation: over a dry parking lot

NoCO2 flux

Hot, dry summer afternoon
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s is mixing ratio (g CO2 per g air). LI-COR open-path 
analyzer measures density (mmol CO2 m-3). It changes 
with T, P.

Imagine a situation: over a dry parking lot

NoCO2 flux

Hot, dry summer afternoon
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Imagine a situation: over a wet parking lot

NoCO2 flux

Hot summer afternoon
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Imagine a situation: over a wet parking lot

NoCO2 flux

Hot summer afternoon
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Ḹẙ ⃰ (WPL) ԇẪ

Webb et al., 1980



Magnitude of the density correction



DOY 2003
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California grassland 2003, growing season

DOY 2003
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Magnitude of the density correction



DOY 2003

160 161 162 163 164 165

E
n
e
rg

y
 F

lu
x
 (

W
 m

-2
)

-200

0

200

400

600
LE

H

G

Magnitude of the density correction



California Grassland 2003, non-growing season

DOY of 2003
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Final density correction equation (WPL)



Power Spectra Analysisψ└ ֫‘


