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1. Eddy covariance theory — iBEH S EZNEASEL

2. ECdata processing; including de-spiking (FEf&EEE) , coordinate
rotation (4FRhEEE), density correction (WPL, ZREITIE), etc

4. Spectra analysis FiEoHT
5. QA/QC [REEH!

6. Examples of long-term flux measurements i+
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HANEFERE(Z (Terminology and units )

Density: g airm, mol air m3
gCO, m3, mol CO, m3

Mixing Ratio: g CO, per gdry air
g H,O per gdry air
Specific Humidity: gH,O per g moist air

Mole Fraction:  umol CO, per mol total air, ppm,  ppb
Dry Mole Fraction: umol CO, permoldryair, ppm, ppb

LI O/



CO, CH, IBEFfNE{L

CO, flux: pmolCO, m2s?
mg CO, m2hr?
gCm=d
gCm=yr?
g CO, m2yr?(normally don't use this)

H,O flux (E): mmolH,Om2s?
(ET): mm hr?, mm day™

CH, flux: nmol CH, m=s*
mg CH, m=hr
gCm=d
gCm=2yr?
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BEEEEEMNEN

Net radiation (R,_,, F#ig8]): W m=2(J m2s?)
Sensible heat flux (H, S, RiR): W m=
Latent heat flux (LE, &i#h): (W m-2)
LE = AE
Soil heat flux (G, TiEHEE): W m-2
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Fig. 16.5. Monteith and Unsworth , 2013. Environmental Physics.
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Night
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Fig. 16.5. Monteith and Unsworth , 2013. Environmental Physics.
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HABELWERNNSEERE

not shown are met sensors and communication device

Solar Power Supply




10-Hz [R 48 #1 3

courtesy of Dr. Youngryel Ryu

—Ww California Grassland DOY 104 2003, T1100
——CO2 15.5

=
ol

= =
NN
o1

=
o
o1

CO2 (mmol/m3)

=
w

12.5
1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600
Time (s) Data of Xu and Baldocchi

LI O/



——W California Grassland DOY 104 2003, T1100

——H20

1000
900 @E\
—_ f ‘ 800 =
m "I: 1 iy K o
2 _ﬂ“’.‘li Mﬁll U V. Ypes :
= % v M l ! . A WV A W e/ R 600 E
. | N
)i 500 T

_2 1 1 1 1 1 1 1 1 1 400

1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600
Time (s)
—.—W . .
Teoni California Grassland DOY 104 2003, T1100

4 —=— | SONnIc 28
3 .,. ﬂ . 1 : 27
2 l‘ | : ¥ d‘?lj[u! ; i "’“’,= -TI ‘EI 26 Lc)n
m ‘ | Ny A I & 4 ] ]
e | gl JIHF& il Wik 1hh Al _“E }F g, | g
£ ¥ ) Sl ) o o e gy S ' 2
=2 .l‘m ot SR R N PO I R i,
T | Y Y r v @ €5 )
A " '~ ‘ ¥ =

_1 ’- L 23

_2 1 1 1 1 1 1 1 1 1 22

1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600

Time (s)

LI O/




Here is more 10-Hz raw
data... SR EE

Wind angle

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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Basic assumptions: EARIgEM

1. no horizontal divergence or convergence, FTiESFIIES

dcC

wC
Control volume |
Finnigan et al., 2003 7
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Reynolds’ Averaging Rules, & 15 134
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REMHENE RN I

— d ] co co
FIpaWS g Tyal?”xmx geta _gtth

m?3 s gdryair m?®s

F=(pa+ p'a)(Ww+w)(s+s')

F = (0aWS + paWS+0aW'S + PaW'S+0'aWS + 0'a WS+’ aW'S + p'aW'S')

f f f f
Averaged deviation from the mean is zero Dry air flux is zero O
F — ,OaWI S' s is mixing ratio with the unit of

g CO, g*dry air
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Density unit!

!

Time | CO, (mmolm?)| W(ms?) | co,’ W' w'co,’
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 w'CO," = -0.014 (mmol m3s™?)
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Data Processing: de-spiking,

2R =5 E

Time (s)
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Data Processing: de-spiking, ZlIfg R E B
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We need get rid of spikes.
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Data Processing: de-spiking, 3l & 8 &
* unreasonableu, v, w

o abs(u’, v, W')>xX%std: x=¢4-6

 other criteria
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Coordinate rotation;
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Coordinate rotation: A FREEEE

1st Rotation ”

)}?

S = (uz +v’ +w?




Coordinate rotation: AR #RIEHE

wce' =W'C"-cos@-U"C"-sin@-cos €-=V'C"-sinl-sin &

If the sonic is perfectly leveled along with the ground surface, then no
coordinate rotation 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 wto zero.
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Data Processing: Coordinate rotation

n
\
— v
f_\\-.
—
—
&—

LI O/



o1 B ST T M=t
WPL; ZEE1J1E: H 3Rk
14
12 !
10
B
= 8
i
80
£ 6
4
2
O. |
20 30 40 50

Air Temperature (°C)

Imagine a situation: over a dry parking lot
No CO, flux
Hot, dry summer afternoon




WPL; 2:';6:{]% -L]- IE: j§ ?g IEJ\ AS N

s is mixing ratio (g CO, per g air). LI-COR open-path
analyzer measures density (mmol CO, m3). It changes
with T, P.

Imagine a situation: over a dry parking lot
No CO, flux
Hot, dry summer afternoon
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w'C0," <0, CO2 uptake?

Imagine a situation: over a wet parking lot
No CO, flux
Hot summer afternoon




=2 1] 1E (WPL) 2 T,

Webb, Pearman, Leuning Algorithm:
Correction for Density Fluctuations when using
OpenPath Sensors

m, p, Moy Pe Y
m, p, p,m, T

Io=wp, '+

Webb et al., 1980
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Ity correction

itude of the dens
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Magnitude of the density correction
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California grassland 2003, growing season
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Magnitude of the density correction




Magnitude of the density correction
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Feo, (LMol m?s™)
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Final density correction equation (WPL)

M P w'p;+(l+&m”)%w'T'
m, p, p,m, 1

a Vv

Fo=wp, '+
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Power Spectra Analysis; K iE 55
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Kinetic Energy, #g¢

Kinetic energy (KE), m is mass, U is mean wind speed

KE = 0.5 mU?

Mean Kinetic energy (MKE, 2335f1gE
MKE 1 _ _ _
——==U*+V?+W?)

m 2

Turbulence Kinetic energy (TKE, #imaigE)

1
TKE = e = E(u’2 +v'% + w'?)
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i it o)) BE HY K IR

1
TKE = e = E(u'z + "% +w'?)

ae_ Y ’aU_I_ggl ! (f I_I_l ! I)
P uw > 7 w e e'w ppw €
I II 111 1Y V

I: Mechanical or shear production or loss term

ll. Buoyancy production or consumption term

lll. Turbulent transport term by eddies

IV. Pressure correlation term, how TKE is redistributed by pressure
perturbation

V. Viscous dissipation term, conversion of TKE to heat
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x(k) =sin( kAt)
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Period =15 min=900 s
Frequency=1/900=0.001111 Hz

Period =30 min=1800's
Frequency=1/1800=0.000556 Hz
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Period =30 min=1800's
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Time Series Domain Time series domain
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Mathematically

2 1 =32
Oy = S[ﬂ:} dn = E {I[k:} o I:}

The Power spectral density is defined as such that
its integral over all frequencies is equal to the total
variance
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Normalized co-spectra, nC, /w'x’

Mangrove Forest, Mexico

& Hz0 flux co-spectra
@ CO: flux co-spectra

@CH: flux co-spectra

====TLDS, Verma et al (1992) 7 m height
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Sawgrass Wetland, Florida, USA

® CHa flux co-spectra — MoOdel les)

& Sonic sensible heat flux co-spectra

L L L
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Arctic Tundra Wetland, Alaska, USA
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Non-dimensional frequency, f=nz/U
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Flux Data QA/QC: [EEE 4|

* w, U, v~ off the scale

* T, g, CO, ~ off the scale

* If spikes > n (n ~ 10%)

* Reynolds stress (u'w’) too high
* Unreasonable skewness

* Unreasonable kurtosis

* Unreasonable flux
e Stationarity test
e other criteria
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Example of long-term flux data (2000-2003)
California grassland
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Example of long-term flux data (2000-2003)
California grassland

L. Xu, D.D. Baldocchi/Agricultural and Forest Meteorology 1232 {2004) 79-96

2000-2001 season
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Advantages of the EC Method; {If %

e direct measure of the flux density, EizllE

e in situ, RAINLN

* No disturbance on the system, ;S5

« Quasi-continuous, EZEME

* Represents a large upwind area, XKEFRIY¥1Y

e Others, Hits
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EC Method B9 B R 14

e Low U¥, air stratification, &[BimimIRES
« Energyimbalance, BEEARAE

e Horizontal advection due to complex terrain, EZYitfZ

 Cannot be used for asmall plot, ABEFRTE/\BIEEL,
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Summary

1. Eddy covariance theory — Basic micrometeorology theory

2. ECdata processing principles; including de-spiking, coordinate
rotation, density correction, etc

3. Spectra analysis
4. QA/QC

5. Examples of long-term flux measurements

LI O/



Thank you'!

Any questions ?

LI O/



